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Government  Labs 


A  New  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer- 
ing centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 

Manufacturing 
Materials 
Medicine 
Nuclear 
Ocean  sciences 
Physical  sciences 
Transportation 
Plus  others 
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The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more. 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

°   The  Resource  Name  Index  provides  a 
quick  reference  if  you  already  have  a  name 
of  a  specific  Federal  laboratory  or  service. 

•  An  Agency  Index  provides  a  listing  of  all 
the  resources  by  Government  agency. 


"The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  your  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-104480AAW,  price  $59.95 
plus  $3.00  for  handling. 
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"This  directory  is  unusually  well-indexed.. ..It 
should  be  on  the  shelf  of  every  Chamber  of 
Commerce  end  economic  development  or- 
ganization in  the  nation." 

Mr.  Brian  McLaughlin 

Information  Services  and  Research 

Syracuse,  NY 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment o*  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
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Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route   to    others    in   their   organization 
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Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      . — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  orderinc 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02  — — — 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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0685  Predicting  Accidental  Bee  Kills 

0686  Wash-Off  Data  Surprises  Pesticide  Planners 

Computers 

Software 

0687  FINDIT:  A  Computer  Program  for  Finding  Problems 

High  Performance  Parallel  Computer 

Associative-Memory  Array  of  Optical  Logic  Gates — 
Differences  between  binary  input  and  memory 
images  are  measured  in  terms  of  Hamming  dis- 
tances. (Licensing  Opportunity) 

Deep  FIFO  Surge  Buffer — A  data-acquisition  system 
temporarily  accepts  data  at  a  higher  rate. 

Fast  Magnetoresistive  Random-Access  Memory — 
Separate  materials  would  be  used  for  sensing  and 
for  storage.  (Licensing  Opportunity) 

How  Safe  is  Control  Software — Backup  systems  are 
still  needed  to  prevent  catastrophic  software  failures. 
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0691 


0692 


Electrotechnology 

0693  Integrated  Dual  Beam  Line  Scanning  Antenna  and 
Negative  Resistance  Diode  Oscillator  (Licensing 
Opportunity) 

0694  Log-Periodic  HF  Antenna  System  (Licensing 
Opportunity) 

0695  Pulse  Interference  Canceling  System  For  Spread 
Spectrum  Signals 

0696  Electromagnetics  Publications  Listed 

0697  Laser  Damage  Symposium  Proceedings  Published 

0698  Caustic  Singularities  of  High-Gain,  Dual-Shaped 
Reflectors — Errors  that  arise  in  analysis  by  the 
geometrical  theory  of  diffraction  are  discussed. 

0699  Circuit  for  Current-vs. -Voltage  Tests  of  Semiconduc- 
tors— The  principal  virtues  are  low  cost,  simplicity, 
and  compactness. 

0700  Doping  to  Reduce  Base  Resistances  of  Bipolar 
Transistors — A  p/p(+)  base-doping  profile  would 
reduce  base  resistance  without  reducing  current 
gain. 

0701  Ferroelectric  Memory  Capacitors  for  Neural  Net- 
works— Features  would  include  nondestructive 
readout,  simplicity,  and  resistance  to  ionizing 
radiation.  (Licensing  Opportunity) 

0702  Improved  Planar  Schottky  Diode — Changes  in  the 
epitaxial  layer  structure  and  additional  fabrication 
steps  reduce  conversion  loss  in  millimeter  and 
submillimeter  mixers.  (Licensing  Opportunity) 


0703  Lightweight,  High-Energy  Lead/Acid  Battery — Woven 
electrodes  would  increase  the  energy-to-weight  ratio. 
(Licensing  Opportunity) 

0704  Low-Loss  Coupler  for  Microwave  Laser-Diode 
Modulation — Elimination  of  a  series  resistor  reduces 
the  loss  of  radio-frequency  power.  (Licensing 
Opportunity) 

0705  Phototransistors  for  Long-Wavelength  Infrared — 
Detection  would  be  based  on  impurity-to-continuum 
transitions. 

Testing  &  Instrumentation 

0706  VMEbus  Multi-Channel  Digitizer 

0707  Improved  Rotary  Transformer  for  Shaft-Position 
Indicator — An  iron  core  is  replaced  by  a  ferrite  core. 

0708  Device  Measures  Angle  of  Deployment — A  simple 
circuit  gives  a  positive  indication  of  position. 

Other  Items  of  Interest 

0740     Optoelectronic  Shaft-Angle  Encoder  Tolerates 

Misalignments — Active  read  heads  track  grooves  and 
pits  on  a  disk.  (Licensing  Opportunity) 

0743     High-Temperature  Superconducting  Wire  Being 
Developed 

0746     Simple  Method  for  Fusing  Plastic  Fibers 

0769  Computer  Processing  of  Tunable-Diode-Laser 
Spectra — Measurements  in  three  channels  are 
processed  into  spectra. 

Energy 

0709  Ensuring  Naval  Fuel  Performance 

High-Power  Liquid-Metal  Heat-Transfer  Loop) — A 
permselective  barrier  would  sustain  a  high  differential 
pressure  and  a  consequent  high  rate  of  pumping. 
(Licensing  Opportunity) 

Thin,  Lightweight  Solar  Cell — Features  include 
enhanced  resistance  to  ultraviolet  light  and  to 
energetic  charges  particles.  (Licensing  Opportunity) 
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0711 


Software 

0712  Software  for  Calculating  Cooling  Pond  Performance 

Engineering 

0713  A  Disposable  Filter  to  Reduce  Diesel  Exhaust 
Particulate  Emissions 

0714  User-Friendly  in  Situ  Copper  Oxide  Leach  Mining 
Cost  Model 

0715  New  Directory  of  Standards  Activities  Available 

0716  High-Efficiency  Propulsor  for  Outboard  Engines 

0717  Crescent  Wing  Planforms  Reduce  Lift-Dependent 
Drag — Optimization  of  wing  designs  takes  a  tip  from 
nature. 
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Engineering  (Cont.) 

0718  Composite  Struts  Would  Damp  Vibrations — A  design 
concept  takes  advantage  of  the  anisotropy  of  fiber/ 
matrix  laminates.  (Licensing  Opportunity) 

0719  Effects  of  Molecular  Processes  on  Trim  Angles — 
Vibration  and  dissociation  of  molecules  alter  aerody- 
namic effects. 

0720  Calculating  Transient  Vibrations  of  Coupled  Sub- 
structures— Equations  of  motion  of  each  substructure 
are  solved  independently. 

0721  Calculation  of  Aeroelastic  Transients  using  Euler 
Equations — Conforming  grids  facilitate  calculations  of 
flows  about  changing  shapes. 

Software 

0722  Fatigue-Crack-Growth  Computer  Program — The 
propagation  of  a  crack  can  be  computed  from  any  of 
several  mathematical  models. 

Testing  &  Instrumentation 

0723  New  Techniques  Advance  Technology  of  Tunnel 
Detection 

0724  Device  Measures  Stability  of  Space  Optics 

0725  Shock-Test  Facility  Developed 

0726  Sensor  to  Measure  Fuel  Oil  Level  in  Storage  Tanks 

0727  Estimating  Liquid  and  Gas  Contents  in  a  Tank — 
Quantities  would  be  inferred  from  temperatures  and 
pressure  changes.  (Licensing  Opportunity) 

0728  Vacuum  Chuck  Holds  Filter  Pad  for  Counting 
Particles — The  chuck  is  mounted  on  a  microscope 
stage.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0712     Software  for  Calculating  Cooling  Pond  Performance 

0763     Computer-Assisted  Ground  Control  Management 
System 

0770  Variable  Cycle  Engine 

0771  Transonic  Aeroelasticity  Analysis  for  Helicopter  Rotor 
Blade — Two  established  techniques  are  combined. 

Environmental  Science  &  Technology 

0729  Evaluation  of  a  Remote  Sensor  for  Mobile  Source 
CO  Emissions 

Other  Items  of  Interest 

0686     Wash-Off  Data  Surprises  Pesticide  Planners 

0741      Detecting  Filler  Spaces  Under  Tiles — An  eddy- 
current  probe  detects  hidden  seams,  steps,  and 
holes  in  a  metal  substrate.  (Licensing  Opportunity) 

0762     Protecting  Helmets  and  Visors  From  Chemicals — An 
outer  layer  stops  chemical  attack. 

Manufacturing,  Machinery  &  Tools 

0730  Manufacturing  Information 


0731  CD-ROM  for  Standards  Dissemination  and  Education 

0732  Navy  Studies  Paint  Spray  Booth  Conversion  A 

0733  Turning  Apparatus  Developed 

0734  Fabrication  of  Lightweight  Mirrors  Via  CVD — A 
scalable,  rapid  process  yields  parts  in  nearly  net 
shape. 

0735  Hand  Broaching  Tool  for  Use  in  Confined  Areas — A 
slim  tool  fits  where  others  cannot. 

0736  Segmented  Arm  for  Positioning  and  Assembly — 
Control  of  a  large  robotic  arm  relies  on  conservation 
of  angular  momentum. 

0737  Thermally  Actuated  Unlatching  Mechanism — 
Differential  thermal  contraction  causes  release  at  a 
predetermined  low  temperature. 

0738  Tool  for  Robotic  Resistive  Roll  Welding — Resistance- 
welding  current  starts  and  stops  automatically 
according  to  force  exerted  against  the  workpiece. 
(Licensing  Opportunity) 

Software 

0739  Computer  Codes  Improve  Welding  Quality  and 
Reliability 

Testing  &  Instrumentation 

0740  Optoelectronic  Shaft-Angle  Encoder  Tolerates 
Misalignments — Active  read  heads  track  grooves  and 
pits  on  a  disk.  (Licensing  Opportunity) 

0741  Detecting  Filler  Spaces  Under  Tiles — An  eddy-  ^ 
current  probe  detects  hidden  seams,  steps,  and  ' 
holes  in  a  metal  substrate.  (Licensing  Opportunity) 

0742  Weld-Bead  Profilometer  Rejects  Optical  Noise — The 
effect  of  ambient  light  is  reduced  by  pulsed  illumina- 
tion and  shuttering.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0687     FINDIT:  A  Computer  Program  for  Finding  Problems 

0707     Improved  Rotary  Transformer  for  Shaft-Position 

Indicator — An  iron  core  is  replaced  by  a  ferrite  core. 

Materials 

0743  High-Temperature  Superconducting  Wire  Being 
Developed 

0744  More  Research  Needed  for  High-Performance 
Concrete 

0745  Polymers  for  the  Future 

0746  Simple  Method  for  Fusing  Plastic  Fibers 

0747  Fast-Acting  Rubber-to-Coated-Aluminum  Adhesive — 
This  strong  adhesive  makes  clamping  unnecessary. 
(Licensing  Opportunity) 

0748  Making  Solid  Aromatic  Polyimide  Fibers — Under 
proper  spinning  conditions,  voids  are  eliminated. 
(Licensing  Opportunity) 

0749  Polyamide-lmides  Made  From  BTDA — Mechanical  ^ 
properties  are  better  than  those  of  the  LARC-TPI  ™ 
polyimide 
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Tough,  High-Performance,  Thermoplastic  Addition 
Polymers — A  series  of  addition-type  thermoplastics 
exhibit  useful  properties.  (Licensing  Opportunity) 

Lightweight  Composite  Core  for  Curved  Composite 
Mirrors— Complicated  figure  errors  due  to  thermal 
stresses  would  be  reduced.  (Licensing  Opportunity) 


Software 

0752  NIST/ASM  Complete  Alloy  Phase  Diagram  Program 

Testing  &  Instrumentation 

0753  Thin-Film  Surface  Area  Measurable  With  Record 
Sensitivity  (Licensing  Opportunity) 

Other  Items  of  Interest 

0766     Organometallic  Salts  Generate  Optical  Second 
Harmonics — Molecular  structures  are  selected  to 
obtain  large  hyperpolarizabilities. 

Medicine  &  Biology 

0754  Measurements  of  Exhaled  Breath  Using  a  New 
Portable  Sampling  Method 

0755  Resource  for  Biomedical  Sensor  Technology 

0756  Q-Endoscreen 

Software 

0757  Using  Computer  Graphics  to  Simulate  Surgery 

0758  Autoradiographic  Image  Processing  Center 

0759  Developmental  Resource  for  Biophysical  Imaging 
Opto-Electronics 

0760  Human  Genetic  Analysis  Resource 

0761  Intramuscular  Contact  lead  Filled  With  Conductive 
Solution — The  solution  would  maintain  electrical 
conduction  even  when  wires  fail. 

0762  Protecting  Helmets  and  Visors  From  Chemicals — An 
outer  layer  stops  chemical  attack. 

Other  Items  of  Interest 

0728     Vacuum  Chuck  Holds  Filter  Pad  for  Counting 

Particles — The  chuck  is  mounted  on  a  microscope 
stage.  (Licensing  Opportunity) 

Natural  Resources  Technology  & 
Engineering 

0763  Computer-Assisted  Ground  Control  Management 
System 

Software 

0764  Plans:  Timber  Harvest  Software 


0767 


0768 


Harmonics — Molecular  structures  are  selected  to 
obtain  large  hyperpolarizabilities. 

Optimum  Platinum  Loading  in  Pt/SnO(2)  CO- 
Oxidizing  Catalysts — Catalytic  activity  peaks  at  about 
17  weight  percent  Pt. 

Trapped-Mercury-lon  Frequency  Standard — The 
principle  of  operation  and  initial  results  are  described. 


Testing  &  Instrumentation 

0769  Computer  Processing  of  Tunable-Diode-Laser 
Spectra — Measurements  in  three  channels  are 
processed  into  spectra. 

Other  Items  of  Interest 

0697     Laser  Damage  Symposium  Proceedings  Published 

0729     Evaluation  of  a  Remote  Sensor  for  Mobile  Source 
CO  Emissions 

0754     Measurements  of  Exhaled  Breath  Using  a  New 
Portable  Sampling  Method 

Transportation  &  Components 

0770  Variable  Cycle  Engine 

Testing  &  Instrumentation 

0771  Transonic  Aeroelasticity  Analysis  for  Helicopter  Rotor 
Blade — Two  established  techniques  are  combined. 

Other  Items  of  Interest 

0717     Crescent  Wing  Planforms  Reduce  Lift-Dependent 
Drag — Optimization  of  wing  designs  takes  a  tip  from 
nature. 


Physical  Sciences 

0765  CHEMMAP:  A  New  Technique  For  Mapping 
Materials 

0766  Organometallic  Salts  Generate  Optical  Second 
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U.S.  Department  of  Agriculture 


Carrot  Sticks  Can  Keep  Their  Color 


t 


Fresh  carrots — peeled,  sliced  into 
sticks,  bagged,  and  ready  for  lunch 
box  or  relish  tray — sometimes 
develop  a  white  film  that  masks  the 
crisp  veggie's  bright  orange  color. 

Now,  food  processors  can  rely  on 
a  new  approach  to  delay  the  natural 
film  from  forming.  And,  the 
technique  is  simple,  fast,  and 
inexpensive  says  its  developer.  ARS 
chemist  Harold  R.  Bolin  at  Albany, 
California. 

He  recommends  dipping  freshly 
peeled  carrots  for  30  seconds  in  a 
hot  (160T)  water/citric  acid  solu- 
tion after  they  have  been  through  a 
commercial  abrasion  peeler. 

Citric  acid  is  already  approved  for 
food  use,  Bolin  notes,  and  doesn't 
change  carrots'  flavor.  The  heat 
won't  damage  them  either  if  they're 
immediately  dunked  in  cold  water. 

Treated  carrots  are  additive  free.  If 
refrigerated,  they  keep  their  original 
color  up  to  10  times  longer  than 
untreated,  abrasion-peeled  carrots. 

Bolin  started  experiments  with 
carrots  soon  after  he  learned  that  a 
major  U.S.  processor  of  fresh  fruits 
and  vegetables  had  essentially  given 
up  trying  to  solve  the  problem. 

Tactics  that  may  keep  slices  of 
apples  or  peaches  from  turning  brown 
won't  stop  peeled  carrots  from  making 
the  hazy  film.  That's  because  differ- 
ent enzymes  are  at  work. 

Fruit  browning  is  mostly  the  fault 
of  polyphenol  oxidase  enzymes. 
Whitening  of  carrots,  however, 
probably  results  from  enzymes  such 
as  phenylalanine  ammonia  lyase. 


JACK   DYKINGA 
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To  prolong  color  freshness,  chemist 
Harold  Bolin  treats  peeled  carrots  with  a 
hot  water  and  citric  acid  bath.  (K-4007-10) 


Heat  will  stop  the  enzymes,  says 
Bolin,  and  acidity  makes  the  en- 
zymes more  sensitive  to  heat;  that's 
why  hot  water,  made  acidic  by  citric 
acid,  does  the  trick.  Carrots  make 
the  white  film  for  protection,  to 
replace  the  outer  skin  removed  by 
peeling. 


Harold  R.  Bolin  is  in  USDA-ARS 

Process  Chemistry  and  Engineering 
Research,  Western  Regional  Re- 
search Center,  800  Buchanan  St., 
Albany,  CA  94710.  Phone:  (415) 
559-5863.    ♦ 
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U.S.  Department  of  Agriculture 


Predicting  Accidental  Bee  Kills 


Beekeepers  can  now  better  handle 
their  beehives  by  using  a  computer 
program  to  simulate  results  of  their 
management  techniques.  Using  PC- 
BEEPOP,  a  honey  bee  population 
computer  model,  beekeepers  can  also 
predict  the  effects  of  pesticide  kills 
and  natural  losses  due  to  disease, 
adverse  weather,  and  old  age. 

"Pesticide  kills  happen  at  an 
alarming  rate  in  agricultural  areas. 
The  computer  model,  which  provides 
toxicity  information  on  pesticides, 
can  also  simulate  the  effects  of 
pesticides  entering  a  hive,"  says 
Agricultural  Research  Service 
entomologist  Gloria  DeGrandi- 
Hoffman  at  Tucson,  Arizona. 

Beekeepers  can  learn  how  to 
combine  two  weak  hives  in  the  fall 
to  create  one  stronger  hive,  a  practice 
that  will  actually  make  more  money. 
Usually,  bee  managers  are  reluctant 
to  combine  two  hives  because  they 
have  to  kill  one  of  the  two  queens. 

"As  the  program  demonstrates, 
replacing  older  queens  with  younger 
ones  will  often  boost  honey  produc- 
tion even  in  strong  hives,"  says 
DeGrandi-Hoffman. 


Beekeepers  could  also  enter  winter 
weather  information  in  the  computer 
to  estimate  populations  in  the  spring. 
This  would  allow  time  to  order 
replacements  or  scale  down  business. 

Beekeepers,  extension  agents,  and 
instructors  of  apiculture,  basic 
biology  and  entomology  now  use  the 
program.  "It's  a  great  teaching  tool, 
says  DeGrandi-Hoffman.  "People 
can  learn  the  consequences  of  their 
management  decisions  and  avoid 
those  that  hurt  their  operation." 

She  wrote  the  original  program,  and 
entomologist  Jerry  Bromenshenk  at 
the  University  of  Montana  in  Missoula 
adapted  it  for  use  on  IBM-compatible 
personal  computers.  A  hard  disk  and 
color  graphics  card  are  required. 

The  program  is  available  from 
DeGrandi-Hoffman  or  Bromenshenk 
to  those  who  request  it  and  furnish  a 
blank,  formatted  5.25-inch  1.2  Mb 
floppy  disk. 

Gloria  DeGrandi-Hoffman  is  at 
the  USDA-ARS  Carl  Hayden  Bee 
Research  Center,  2000  East  Allen 
Road,  Tucson,  AZ  85719.  Phone: 
(602)670-6380.    ♦ 
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U.S.  Department  of  Agriculture 


Wash-Off  Data  Surprises  Pesticide  Planners 


• 


It's  not  the  intensity,  but  the 
volume  of  rain  that  counts  when  it 
comes  to  washing  pesticides  off  plants. 

The  first  tenth  of  an  inch  of  rain 
removes  almost  all  of  the  pesticide 
that  is  going  to  wash  off,  regardless 
of  how  long  it  takes  for  that  amount 
to  fall,  according  to  studies  by  ARS 
soil  scientist  Guye  H.  Willis. 

"It  doesn't  matter  whether  it  takes 
a  minute  or  an  hour — a  heavy  storm 
or  a  sprinkle — for  a  tenth  of  an  inch 
of  rain  to  fall,  it's  that  volume  that's 
the  significant  factor,  not  how  hard 
the  raindrops  hit  the  leaves,"  says 
Willis,  who  works  at  the  ARS  Soil 
and  Water  Research  Unit  in  Baton 
Rouge,  Louisiana. 

The  studies,  which  were  done  in 
cooperation  with  the  Water  Quality 
and  Ecology  Research  Unit  at  the 
USDA  National  Sedimentation 
Laboratory  in  Oxford,  Mississippi, 
indicate  that  organochlorine  pesti- 
cides are  the  least  susceptible  to 
being  washed  off  by  rainfall,  while 
the  more  water-soluble  chemicals  are 
the  most  susceptible. 

For  example,  0. 1  inch  of  rain  will 
wash  off  about  50  percent  of  a  water- 
soluble  pesticide  that  was  on  the 
plant  when  the  rain  began,  but  only 
about  2  percent  of  the  organochlo- 
rine pesticide,  which  has  very  limited 
solubility  in  water. 

Previous  studies  didn't  consider 
which  is  the  significant  factor  in 
pesticide  washoff — the  amount  of 


rain,  the  size  of  raindrops,  or  the 
energy  with  which  they  fall. 

"But  with  the  shift  toward  short- 
lived pesticides,  their  concentration 
in  runoff  will  become  more  of  a 
function  of  the  chance  of  rainfall 
washoff,"  Willis  says. 

Knowing  which  is  the  significant 
factor  will  allow  more  precise 
laboratory  and  environmental 
chamber  testing  of  pesticides  for 
runoff  possibilities. 

"And  knowing  that  the  amount  of 
rain  is  the  most  important  factor  will 
actually  simplify  things  a  little," 
Willis  says. 

His  results  have  already  been  used 
to  modify  several  computer  models 
that  track  environmental  effects, 
including  ARS'  model  for  ground- 
water loading  effects  of  agricultural 
management  systems  (GLEAMS). 

The  possible  direct  commercial 
application  of  the  information  is 
limited  because  farmers  have  always 
tried  to  avoid  applying  pesticides  just 
before  a  rain. 

"For  farmers,  this  work  just 
confirms  how  much  impact  even  a 
light  rain  could  have  on  the  effec- 
tiveness of  their  pesticides,"  Willis 
says. 

Soil  Scientist  Guye  H.  Willis  is  at 
the  USDA-ARS  ARS  Soil  and  Water 
Research  Laboratory,  Box  25071 , 
Baton  Rouge,  LA  70894.  Phone: 
(504)387-2783.    ♦ 
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Computer 
Software 


Technology  Application 


Lawrence  Berkeley  Laboratory 


FINDIT:  A  Computer  Program  for  Finding  Problems 

A  computer  program  that  monitors  the  operation  of  complex  systems,  detects  component  failures,  and  quickly 
locates  the  source  of  any  malfunction  has  been  developed  by  scientists  with  the  Lawrence  Berkeley  Laboratory 
(LBL).  Called  "Findlt,"  the  program  can  be  customized  to  meet  the  specific  needs  of  systems  composed  of 
thousands  or  even  millions  of  individual  but  interrelated  parts. 

From  sophisticated  scientific  equipment,  to  automated  manufacturing  processes,  communications  networks,  and  the 
power  grids  of  utility  companies,  much  of  today's  high  technology  depends  upon  the  reliable  operation  of 
machinery  with  a  large  number  of  interdependent  components.  Since  the  failure  of  a  single  component  in  such 
machinery  can  result  in  costly  system  shutdowns,  computers  are  used  to  monitor  operations.  However,  although 
current  monitoring  programs  can  detect  the  occurrence  of  a  problem,  none  offer  real  time  identification  of  the 
component  that  failed. 

Dennis  Hall  and  William  Greiman,  of  LBL's  Information  and  Computing  Sciences  Division,  led  the  design  of 
Findlt  based  on  well-established  mathematical  theories  and  statistical  techniques.  The  software  program  detects 
failures  by  monitoring  the  data  output  of  system  probes  for  any  statistically  significant  fluctuation.  When  a  failure 
occurs,  the  fluctuation  is  immediately  traced  back  to  the  responsible  component  through  the  use  of  a  high- 
performance  data  base. 

"Any  time  you"  have  a  complex  system  in  which  the  components  are  interdependent,  you  can  always  infer  the 
behavior  of  A  from  the  behavior  of  B,"  says  Hall.  "We  began  this  project  by  thinking  of  a  device  as  a  giant  set  of 
components  and  asking  ourselves:  If  something  goes  wrong  with  one  component,  how  will  it  propagate  this  failure 
to  its  neighbors?" 

Hall  and  Greiman  have  successfully  used  Findlt  to  diagnose  problems  in  a  particle  detector  that  features  several 
thousand  components.  They  believe  the  program  can  be  readily  scaled  up  to  meet  the  demands  of  systems  many 
times  larger  and  even  more  complex. 

A  key  to  Findlt's  ability  to  make  use  of  existing  databases  and  other  computer  resources  is  a  unique  "software  bus." 
Just  as  the  cables  and  other  physical  or  hardware  components  of  a  network  file  system  enable  many  individual 
computers  to  work  together  as  a  single  unit,  a  software  bus  allows  different  software  programs  to  cooperate.  In 
Findlt,  the  bus  passes  information  from  program  to  program  or  "object  to  object,"  with  an  object  consisting  of  both 
program  data  and  the  functions  the  program  can  perform  with  that  data. 

"Software  interoperability  is  one  of  our  aims  because  it  allows  us  to  combine  various  different  programs  to  solve 
new  problems,"  says  Hall. 

In  addition  to  diagnosing  online  machinery  failures,  Hall  and  Greiman  say  that  Findlt  could  also  be  used  in 
designing  new  and  more  reliable  equipment,  testing  electronic  circuits,  and  debugging  other  software  programs. 

FOR  ADDITIONAL  INFORMATION:  Findlt  is  available  for  commercial  licensing.  For  information  call  LBL's 
Technology  Transfer  Office  at  (415)486-6502. 
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Fermi  National  Accelerator  Laboratory 


High  Performance  Parallel  Computer 


High  energy  physicists  have  always  wanted  more  computer  power  than  they  can  afford  to  buy.  On  the  scientist's 
computing  agenda,  raw  processing  power  in  a  relatively  easy-to-use  form,  is  the  dominant  issue.  "Our  field  of 
research  is  now  pushing  the  most  extreme  limits  in  computing,"  said  John  Peoples,  Fermilab  director. 

Industry  is  not  motivated  by  the  rest  of  the  market  to  provide  the  extremely  cost-effective  computer  systems 
demanded  by  much  of  science,  but  it  does  provide  an  extraordinary  array  of  components  (chips,  modules, 
peripherals,  workstations,  software,  etc.)  that  can  be  assembled  into  what  science  requires.  Over  the  past  several 
years,  the  Advanced  Computer  Program  at  Fermilab  has  drawn  from  industrial  components  to  design  and  produce 
parallel  computer  systems  of  such  cost  effectiveness  that  high  energy  physics  experiments  are  now  being  carried 
out  that  would  otherwise  be  unthinkable. 

One  such  project,  known  as  the  Advanced  Computer  Program  Multi-Array  Processor  System  (ACPMAPS),  is  a 
joint  effort  of  the  Fermilab  Computer  R&D  Department  of  the  Computing  Division  and  the  Fermilab  Theoretical 
Physics  Group.  This  machine  is  a  highly  cost  effective,  local-memory  parallel  computer  originally  designed  for 
floating  point  intensive  grid-based  problems.  Now  running  physics  at  5  GFLOPS  (peak),  it  has  potential 
applications  beyond  lattice  gauge  physics.  An  upgrade  for  this  high  performance  computer  is  scheduled  for 
completion  later  this  year. 

A  new  ACPMAPS  processor  module  has  been  designed.  The  upgraded  ACPMAPS  will  have  ten  times  the 
computing  power  of  the  original  -  the  ability  to  perform  at  a  peak  rate  of  50  GFLOPS.  According  to  the  New  York 
Times,  the  machine, "...  will  likely  be  the  world's  fastest  computer  when  it  is  complete." 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.  Refer  to  FAA-489ATN. 
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Associative-Memory  Array  of  Optical  Logic  Gates 

Differences  between  binary  input  and  memory  images  are  measured  in  terms  of  Hamming  distances. 


An  experimental  optical  associative- 
memory  apparatus  measures  the  similarity 
or  dissimilarity  between  an  input  binary  im- 
age and  each  of  M  binary  images  in  mem- 
ory. Using  the  Hamming  distance  as  the 
measure  of  dissimilarity,  it  determines 
which  (if  any)  of  the  memory  images  close- 
ly or  most  closely  resembles  the  input  im- 
age. It  indicates  this  match  by  displaying 
an  image  (e.g.,  the  recognized  image  or 
a  symbol,  word,  number,  or  other  substi- 
tute image)  in  real  time  on  an  output  plane. 

The  apparatus  contains  a  two-dimen- 
sional array  of  optical  exclusive-OR  gates, 
which  are  used  to  determine  the  Hamming 
distance  between  the  input  and  memory 
images.  Figure  1  illustrates  the  exclusive- 
OR  function  of  a  simplified  (one-dimen- 
sional) array  in  which  the  input  and  memo- 
ry images  are  binary  column  vectors.  The 
array  is  illuminated  from  the  input  side  with 
horizontally  polarized  light  and  the  input 
and  binary  images,  each  of  which  is  im- 
pressed on  a  spatial  light  modulator.  The 
portions  of  each  modulator  wherein  the 
intensity  of  the  image  represents  binary 
"one"  rotate  the  polarization  by  90°,  while 
those  wherein  the  intensity  represents 
binary  "zero"  do  not  change  the  polarization. 

The  light  emerging  from  the  memory- 
image  spatial  light  modulator  passes 
through  an  analyzer  oriented  for  vertical 
polarization.  In  the  spots  where  the  input 
and  memory  images  are  both  "zero"  or 
both  "one"  (where  they  match),  the  out- 
put of  the  analyzer  is  dark  and  the  con- 
tribution to  the  Hamming  distance  is  zero. 
In  the  spots  where  the  input  and  memory 
images  differ  (one  of  them  is  "zero"  while 
the  other  is  "one"),  the  output  of  the  an- 
alyzer is  bright  and  the  contribution  to  the 
Hamming  distance  is  1. 

Figure  2  illustrates  the  full  two-dimen- 
sional apparatus.  The  input  image  is  elec- 
tronically made  into  M  replicas  that  are  im- 
pressed on  the  first  spatial  light  modulator. 
Each  of  the  M  different  memory  images 
is  impressed  on  the  second  spatial  light 
modulator  in  a  position  corresponding  to 
that  of  one  of  the  replicas  of  the  input  im- 
age. An  integrating  lens  (or,  alternatively, 
an  array  of  lenslets)  focuses  the  exclusive- 
OR  output  image  from  each  of  the  M  pairs 


Figure  I.ThisColumn 
of  Optical  Exclusive- 
OR  Gates  produces  an 
output  image  that  is 
dark  where  the  input 
and  memory  images 
match  and  bright  where 
they  do  not  match. 
Thus,  each  segment  of 
the  output  image  rep- 
resents a  "zero"  or 
"one"  contribution  to 
the  Hamming  distance 
between  the  input  and 
memory  images. 
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Notes;  1.  Solid  color  arrows  indicate  rays  or  paths  of  light. 

2.  Double-headed  black  arrows  indicate  axes  of 
polarization  of  polarizing  materials. 

3.  Dashed  black  arrows  indicate  directions  of 
polarization  of  light. 
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of  input  and  memory  images  onto  one  of 
M  photodetectors.  The  output  of  each  pho- 
todetector  is  proportional  to  the  Hamming 
distance  between  the  images  in  the  pair; 
an  electronic  circuit  determines  which  one 
represents  the  shortest  Hamming  distance 
and  signals  an  associative-recall  module 
to  display  the  corresponding  output  image. 

This  work  was  done  by  Tien-Hsin  Chao 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NPO-17997/TN. 


Figure  2  The  Optical  Associative-Memory 

Apparatus,  operating  on  the  principle  illus- 
trated in  simplified  form  in  Figure  1 .  finds  which 
(if  any)  of  M  memory  images  resembles  or 
most  closely  resembles  the  input  image. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Deep  FIFO  Surge  Buffer 

A  data-acquisition  system  temporarily  accepts  data  at  a  higher  rate. 


A  first-in/first-out  (FIFO)  buffer  tem- 
porarily stores  short  surges  of  data  gen- 
erated by  a  data-acquisition  system  at  an 
excessively  high  rate  and  releases  the  data 
at  a  lower  rate  suitable  for  processing  by  a 
computer.  The  size  and  complexity  of  the 
FIFO  buffer  are  reduced  while  its  capacity 
is  enhanced  by  the  use  of  newly  devel- 
oped, sophisticated  integrated  circuits  and 
by  a  "byte-folding"  scheme  that  doubles 
the  effective  depth  and  data  rate. 

The  system  (see  Figure  1)  allows  for 
tradeoff  between  the  number  of  data  chan- 
nels (up  to  64)  and  the  sampling  rate  in 
each  channel,  each  of  which  is  equipped 
with  its  own  sample-and-hold  and  16-bit  ana- 
log-to-digital  converter  circuits.  The  com- 
puter can  accept  16-bit  data  at  a  maximum 
rate  of  only  500,000  pulses  per  second, 
whereas  the  64  channels  of  the  data-ac- 
quisition system  operating  at  full  capacity 
can  generate  data  at  2,839,040  pulses  per 
second.  The  FIFO  buffer  must  be  capable 
of  storing  the  difference  (2,339,040  pulses 
per  second)  during  a  burst  2.95  seconds 
long. 

Each  channel  is  equipped  with  a  unit  of 
FIFO  memory  that  includes  a  FIFO  ran- 
dom-access-memory (RAM)  controller,  two 
memory  arrays,  each  containing  four 
8x32  K  static  RAM  integrated  circuits, 
and  latching  registers  (see  Figure  2). 
Peripheral  programmable-array-logic  in- 
tegrated circuits  are  used  to  route  clock 
signals  to  and  from  the  FIFO  RAM  con- 
troller, the  input  and  output  latching 
registers,  and  the  static  RAM  memory  ar- 
ray. 

The  principle  of  operation  is  as  follows: 
At  the  end  of  each  analog-to-digital  conver- 
sion, an  "end-of-conversion"  pulse  triggers 
a  flip-flop  and  sends  a  "write"  request  to 
the  FIFO  RAM  controller.  This  toggles 
"write"  data  into  the  latching  registers  and 
enables  double-speed  operation  of  the 
writing  port.  The  data  are  strobed  in  and 
out  sequentially  to  make  one  16-bit  x  128 
Kbyte  writing/reading  cycle.  The  FIFO 
RAM  controller  reads  data  from  the  memo- 
ry array  when  it  receives  a  "read  request" 
in  the  form  of  an  "output  enable"  signal 
from  the  computer. 

This  work  was  done  by  Gerald  Temple, 
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Figure  1.  The  Data- 
Acquisition  System 

includes  a  unit  of 
FIFO  memory  in  each 
channel  of  incoming 
data.  The  FIFO 
buffer,  consisting 
mostly  of  the  collec- 
tion of  these  FIFO 
memory  units,  stores 
large  surges  of  in- 
coming data  and  re- 
leases them  to  the 
computer  at  a  lower 
rate  that  it  can  handle. 
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Figure  2.  Each  Unit  of  FIFO  Memory  includes  ancillary  circuitry  that 
executes  a  2  x  byte-folding  scheme. 


Marc  Siegel,  and  Zwie  Amitai  of  Ames 
Research  Center.  ARC-12159/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Fast  Magnetoresistive  Random-Access  Memory 


Separate  materials  would  be  used  for  sensing  and  for  storage. 


Magnetoresistive  binary  digital  memo- 
ries of  a  proposed  new  type  are  expected 
to  feature  high  speed  (readout  access  time 
<  100  ns),  nonvolatility,  ability  to  withstand 
ionizing  radiation,  high  density  (>106  bits/ 
cm2),  and  low  power.  In  prior  research  on 
magnetoresistive  memories,  data  have 
been  both  stored  and  read  out  by  devices 
made  of  materials  that  are  both  ferromag- 


netic and  magnetoresistive.  The  magneto- 
resistive signal  from  the  magnetoresistive 
effect  in  these  materials  is  weak,  necessi- 
tating long  sampling  times  and,  therefore, 
unacceptably  long  readout  access  times 
(microseconds  in  some  designs).  In  some 
cases,  it  has  been  necessary  to  sacrifice 
density  to  increase  speed. 

In  a  memory  cell  of  the  proposed  type, 


the  magnetoresistive  effect  would  be  ex- 
ploited more  efficiently  by  use  of  a  ferro- 
magnetic material  to  store  the  datum  and 
an  adjacent  magnetoresistive  material  to 
sense  the  datum  for  readout.  Because  the 
relative  change  in  sensed  resistance  be- 
tween the  "zero"  and  "one"  states  would 
be  greater,  shorter  sampling  and  readout 
access  times  should  be  achievable. 

Figure  1  illustrates  one  version  of  a  pro- 
posed magnetoresistive  device  in  a  mem- 
ory cell.  A  high-resistivity  magnetoresistive 
film  (e.g.,  Bi  or  InSb)  would  be  sandwiched 
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Figure  1 .  The  Ferromagnetic  Recording  Medium  would  be  separate 
from  the  magnetoresistive  sensing  medium  in  a  memory  device  of  the 
proposed  type. 
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Figure  2.  This  Readout  Circuit  would  include  the  magnetoresistive 
films  of  four  devices  like  that  of  Figure  1  and  would  read  out  the  data 
stored  in  the  upper  ferromagnetic  films  of  those  devices. 


between  an  upper  and  a  lower  ferromag- 
netic film  (e.g.,  an  iron-based  nickel  alloy 
or  a  cobalt-based  alloy)  separated  from  the 
ferromagnetic  films  by  electrically  insulat- 
ing films.  In  a  rectangular  planar  array  of 
memory  cells  containing  such  devices,  a 
datum  would  be  written  into  the  upper  fer- 


romagnetic film  of  one  cell  by  a  transistor- 
matrix  row-and-column  selection  scheme. 
In  this  version,  the  magnetization  field 
would  be  parallel  to  the  film  planes.  The 
lower  ferromagnetic  film  would  be  select- 
ed to  have  a  coercive  force  greater  than 
that  of  the  upper  magnetic  film.  The  mag- 


nitude of  the  writing  magnetic  field  would 
be  selected  to  lie  between  the  coercive 
forces  of  the  upper  and  lower  films  so  that 
the  polarity  of  the  magnetization  in  the  up- 
per film  could  be  reversed  by  the  writing 
field  (signifying  transitions  between  "one" 
and  "zero"),  but  the  lower  film  would  re- 
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main  magnetized  rightward  (or  leftward)  all 
the  time. 

When  the  upper  and  lower  films  were 
polarized  oppositely  (signifying  "zero,"  for 
example),  the  magnetic  fields  would  op- 
pose each  other  in  the  magnetoresistive 
film,  yielding  zero  net  field,  and  the  elec- 
trical resistance  of  the  magnetoresistive 
film  would  be  unaffected.  When  the  up- 
per and  lower  films  were  both  polarized 
in  the  same  direction  (signifying  "one"  in 
this  case),  the  magnetic  fields  would  rein- 
force each  other  in  the  magnetoresistive 
film,  giving  rise  to  a  measurable  change 
in  its  electrical  resistance. 

A  memory  of  the  proposed  type  would 
be  fabricated  by  extension  and  combina- 
tion of  semiconductor-integrated-circuit 
and  magnetic-thin-film  technology.  Figure 
2  shows  an  example  of  the  readout  circuit 
of  a  simple  memory.  Assuming  such  typi- 
cal parameters  as  a  supply  voltage  (VDD) 
of  5  V  and  a  magnetoresistive  coefficient 
of  0.01,  the  output  voltage  indicative  of  a 
change  in  the  logic  state  of  one  cell  of  this 
memory  would  be  12.5  mV.  Such  a  voltage 
can  be  amplified  by  a  simple  complemen- 
tary metal  oxide/semiconductor  sensing 
amplifier.  The  readout  access  time  would 
be  determined  primarily  by  the  ability  of 
the  associated  electronic  circuits  to  drive 
the  row  and  column  lines.  Success  of  this 
concept  would  depend  on  close  matching 
of  the  electrical  characteristics  of  the  tran- 
sistors and  of  the  magnetoresistive  sens- 
ing devices. 


This  work  was  done  by  Jiin-chuan  Wu, 
Henry  L  Stadler,  and  Romney  R.  Katti  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-17954/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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IWNSATech  Brief 


A   National  Aeronautics  and 
w   Space  Administration 


How  Safe  Is 
Control  Software 

Backup  systems  are 
still  needed  to  prevent 
catastrophic  software  failures. 

A  paper  examines  the  issue  of  software 
safety  and  concludes  that,  to  be  safe,  soft- 
ware, for  all  practical  purposes,  must  be  free 
of  errors.  Developers  of  real-time  control  sys- 
tems are  concerned  about  safety  because 
a  software  error,  or  "bug,"  may  suddenly  sur- 
face, even  in  a  mature  system,  and  cause 
damage  to  property,  injury,  or  death. 

In  the  case  of  software,  safety  is  synony- 
mous with  unreliability.  An  error  rate  no 
greater  than  10  ~6  errors  per  hour  is  expect- 
ed in  any  software  in  commercial,  industri- 
al, and  medical  applications  in  which  prop- 
erty and  life  are  at  risk.  In  other  words, 
software  should  have  a  mean  time  between 
failures  of  at  least  100  years. 

The  paper  presents  four  case  histories 
of  software-safety  analysis: 


•The  flight-control  system  of  the  proposed 

X-wing  aircraft; 
•The  flight-control  system  of  the  vertical/ 
short-takeoff-and-landing  research  airplane; 
•The  high-pressure-air  distributed-control 
system  for  several  wind  tunnels  at  Ames 
Research  Center;  and 
•A  control  system  for  operating  wind  tun- 
nels and  collecting  and  processing  ex- 
perimental data. 

In  each  case,  it  is  found  that  practices 
for  assuring  software  safety  are  primitive. 
In  each  case,  an  independent,  simple,  pre- 
dictable backup  element  —  either  software 
or  hardware  —  is  needed  to  protect  the 
system  and  its  environment  if  and  when 
the  basic  software  goes  bad. 
Moreover,  it  is  unrealistic  to  expect  safety- 


assurance  practices  to  improve  much  in 
the  near  future.  It  is  not  likely  that  repeated 
life-cycle  testing  and  analysis  will  be  able 
to  bring  safety  up  to  the  required  level. 

On  the  other  hand,  it  seems  reasonable 
that  safe  software  can  be  achieved  through 
design.  To  be  effective,  safety-assurance 
practices  of  the  future  will  have  to  take  into 
account  the  processes  used  in  the  develop- 
ment of  software  and  show  that  the  soft- 
ware product  can  be  executed  correctly 
under  all  possible  conditions. 

This  work  was  done  by  William  Ft.  Dunn 
of  the  University  of  Southern  Colorado 
and  Lloyd  D.  Corliss  of  Ames  Research 
Center.  To  obtain  a  copy  of  the  report, 
"Software  Safety:  A  User's  Practical 
Perspective,"  ARC-12710/TN 
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Electrotechnology 


0693  Integrated  Dual  Beam  Line  Scanning  Antenna  and  Negative  Resistance 
Diode  Oscillator  (Licensing  Opportunity) 

0694  Log-Periodic  HF  Antenna  System  (Licensing  Opportunity) 

0695  Pulse  Interference  Canceling  System  For  Spread  Spectrum  Signals 

0696  Electromagnetics  Publications  Listed 

0697  Laser  Damage  Symposium  Proceedings  Published 

0698  Caustic  Singularities  of  High-Gain,  Dual-Shaped  Reflectors — Errors  that 
arise  in  analysis  by  the  geometrical  theory  of  diffraction  are  discussed. 

0699  Circuit  for  Current-vs. -Voltage  Tests  of  Semiconductors — The  principal 
virtues  are  low  cost,  simplicity,  and  compactness. 

0700  Doping  to  Reduce  Base  Resistances  of  Bipolar  Transistors— A  p/p(+) 
base-doping  profile  would  reduce  base  resistance  without  reducing 
current  gain. 

0701  Ferroelectric  Memory  Capacitors  for  Neural  Networks — Features  would 
include  nondestructive  readout,  simplicity,  and  resistance  to  ionizing 
radiation.  (Licensing  Opportunity) 

0702  Improved  Planar  Schottky  Diode — Changes  in  the  epitaxial  layer 
structure  and  additional  fabrication  steps  reduce  conversion  loss  in 
millimeter  and  submillimeter  mixers.  (Licensing  Opportunity) 

0703  Lightweight,  High-Energy  Lead/Acid  Battery — Woven  electrodes  would 
increase  the  energy-to-weight  ratio.  (Licensing  Opportunity) 

0704  Low-Loss  Coupler  for  Microwave  Laser-Diode  Modulation — Elimination 
of  a  series  resistor  reduces  the  loss  of  radio-frequency  power. 
(Licensing  Opportunity) 

0705  Phototransistors  for  Long-Wavelength  Infrared— Detection  would  be 
based  on  impurity-to-continuum  transitions. 

Testing  &  Instrumentation 

0706  VMEbus  Multi-Channel  Digitizer 

0707  Improved  Rotary  Transformer  for  Shaft-Position  Indicator — An  iron  core 
is  replaced  by  a  ferrite  core. 

0708  Device  Measures  Angle  of  Deployment — A  simple  circuit  gives  a 
positive  indication  of  position. 

Other  Items  of  Interest 

0740     Optoelectronic  Shaft-Angle  Encoder  Tolerates  Misalignments — Active 
read  heads  track  grooves  and  pits  on  a  disk.  (Licensing  Opportunity) 

0743     High-Temperature  Superconducting  Wire  Being  Developed 

0746    Simple  Method  for  Fusing  Plastic  Fibers 

0769    Computer  Processing  of  Tunable-Diode-Laser  Spectra— Measurements 
in  three  channels  are  processed  into  spectra. 
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Licensing 

#  U.S.  Army  Fact  Sheet opportunity 

™    Army  Communications-Electronics  Command 

Integrated  Dual  Beam  Line  Scanning  Antenna  and 
Negative  Resistance  Diode  Oscillator 


The  present  invention  provides  a  dual  beam  line  scanning  antenna 
including  a  simple  means  of  electronically  controlling  the  angles  of 
s  c  a.  n  o  f  t  h  e  d  u  a  1  b  e  a  m  s  w  i  t  h  o  u  t  i  n  c  u  r  r  i  n  g  a  n  y  undesirable  e  f  f  e  c  t  s 
upon  radiated  power  output.   The  device  includes  a  metal  base  and 
two  solid  elongated  dielectric  waveguides  of  rectangular  cross 
section.   The  two  waveguides  3.r&    attached  to  a  central  housing  which 
is  supported  by  the  base-   A  vertical  bore  is  provided  in  the 
housing  to  define  a  resonant  cavity  therein „   An  oscillator  diode 
with  two  electrical  contact    points  is  mounted  inside  the  cavity. 
The  diode  oscillates  when  electrically  connected  to  a  DC  bias 
source.   Electromagnetic  waves  propagate  from  the  resonant  cavity 

STATE  OF  DEVELOPMENT 


The  method  has  been  laboratory  tested  and  evaluated  for  use  by  the 
United  S t. a t. e s  Hrmy. 

f\  P'  p°  i  J  f ■ ;  j2j  T  T  fj  Kj  q 


! he  primary  use  of  this  particular  invention  is  in  the  field  of 
r  a  d  a  r  a  p p 1 i cati on  s . 

PATENT  STATUS 

U.S.  Paten t  Number  4 , 644 , 363 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703;  Telephone  (908)544-31 19.  Refer 
to  application  assessment  number  016. 
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U.S.  Army  Fact  Sheet 


Licensing 
Opportunity 


Army  Communications-Electronics  Command 


Log-Periodic  HF  Antenna  System 


The  primary  object  o-f  this  invention  is  to  achieve  a  High  Frequency 
antenna  design  having  substantial  flexibility  in  terms  o-f 
polarization  (horizontal,  vertical  or  mixed)  and  radiation  modes 
(e„  g.  ,  low— angle  or  high— angle  radiation  -for  long  distance  or  short 
distance  transmission,  respectively).   A  -further  object,  of  this 
invention  is  to  provide  an  antenna  that  is  light-weight,  inexpensive 
and  easy  to  deploy „   These  objects  e.rs    achieved  in  accordance  with 
t h e  princi  p  1  es  o-f  the  present  in ven t i  on  b y  a.n    an t en n a  compr i  sed  of 
dual  feed  half  square  antenna  elements  arranged  in  a  log-periodic 
structure  so  as  to  secure  wide  bandwidth,  propagation  flexibility, 
increased  gain  and  good  directional  radiation. 

STATE  OF  DEVELOPMENT 

T  h  e  i  n  v  6?  n  t  i  o  n  has  been  laboratory  tested  a  n  d  e  v  a  1  u  a  t  e  d  f  o  r  u  s  e  b  y 
t h e  Un i ted  States  Army . 


APPLICATIONS 

x h e  i  n v e n 1 1 o n  c a n  be  applied  to  all 

i  n  t  h  e  H  F  r  e  q  i  o  n 

man-portable  or  airborne  means  anc 


communi  cat i  c 
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y stems  o\ 


et 
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whi 


1 K 1 e  b  y  vehicular , 
:h  may  employ  ground  wavi 


ionospheric:  propagation  over  short,  medium  or  long  range  paths 
PATENT  STATUS 


U 


Patent  Number  4,739,336 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703;  Telephone  (908)544-31 19.  Refer 
to  application  assessment  number  017. 
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U.S.  Army  Fact  Sheet 


0    Army  Communications-Electronics  Command 

Pulse  Interference  Canceling  System  For  Spread 
Spectrum  Signals 


It  is  the  primary  object  of  the  invention  to  eliminate  the  effectiveness  of  strong  pulse  jamming  or  pulse  interference 
against  digital  communication  systems.  The  cancellation  of  pulse  interference  with  no  loss  in  the  received  signal 
level  of  the  desired  signal  is  obtained  for  a  spread  spectrum  system  that  uses  multiplexed  (perfect)  noise  codes. 
The  pulse  interference  is  eliminated  by  means  of  a  variable  delay  line  (whose  delay  is  equal  to  the  code  chip  width 
tau  plus  an  extra  vernier  delay  sigma)  and  a  linear  adder  coupled  to  the  output  of  a  linear  adder  which  operates  in 
combination  with  a  pair  of  matched  filters  to  provide  a  lobeless  output  signal. 

State  of  Development:  The  method  has  been  verified  by  laboratory  experiment  and  a  fellowship  program  to 
determine  effectiveness  of  the  technique. 

Applicauons:  The  invention  can  be  applied  to  any  type  of  communication  system  that  experiences  pulse 
interference  whether  by  discrete  sources  or  by  intended  sources. 

Patent  Status:  U.S.  Patent  Number  4,472,815. 

FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Office  of  Research  and  Technology  Applicauons, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703;  Telephone:  (908)544-31 19. 
Application  Assessment  Number  009. 


695 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology  \ 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Electromagnetics  Publications  Listed 


Two  new  bibliographies  list  all  publications  (1970-July  1990)  by  staff  in  two  NIST  divisions.  A  Bibliography  of 
the  NIST  Electromagnetic  Fields  Division  Publications  (NISTIR  3945)  deals  with  measurement  methods  and 
standards  for  antennas;  dielectric  properties;  electromagnetic  interference  and  susceptibility;  microwave  power, 
impedance,  and  attenuation;  near-field  antenna  measurements;  noise;  remote  sensing;  time  domain  reflectometry; 
and  waveform  measurements.  Metrology  for  Electromagnetic  Technology:  A  Bibliography  of  NIST  Publications 
(NISTIR  3946)  covers  measurement  methods  and  standards  for  laser  systems;  optical  fibers  and  communication 
equipment;  cryoelectronics;  magnetics;  superconductors;  and  other  unusual  electrical  engineering  materials. 

FOR  ADDITIONAL  INFORMATION:  Available  from  the  National  Technical  Information  Service,  Springfield, 
VA  22161;  (703)487^600.  Order  NISTIR  3945  by  PB  #91-132241  for  $23  prepaid  and  NISTIR  3946  by  PB  #91- 
132266  for  $17  prepaid. 
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NIST  Technology  Update 


f    National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Laser  Damage  Symposium  Proceedings  Published 


The  proceedings  of  the  21st  Annual  Symposium  on  Optical  Materials  for  High-Power  Lasers  (Boulder  Damage 
Symposium),  held  Nov.  1-3,  1989,  are  now  available.  Laser  Induced  Damage  in  Optical  Materials:  1989  (SP  801) 
describes  sessions  held  on  materials  and  measurements,  surfaces  and  mirrors,  thin  films,  and  fundamental  mechanisms. 
The  emphasis  was  on  new  frontiers  and  developments,  particularly  on  materials  for  high-power  apparatus,  and  primarily 
in  the  wavelength  range  from  10.6  micrometers  to  the  ultraviolet.  Highlights  include  surface  characterization,  thin-film 
substrate  boundaries,  and  advances  in  fundamental  laser-matter  threshold  interactions  and  mechanisms.  Full  text  and 
illustrations  of  all  papers  presented  at  the  symposium  are  included  in  the  670-page  book. 

FOR  ADDITIONAL  INFORMATION:  Available  from  the  National  Technical  Information  Service,  Springfield 
VA  22161;  (703)487-4600.  Order  by  PB91-148478NAC  for  $60  prepaid. 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Caustic  Singularities 
of  High-Gain,  Dual- 
Shaped  Reflectors 

Errors  that  arise  in  analysis 
by  the  geometrical  theory  of 
diffraction  are  discussed. 


A  report  presents  a  study  of  some  of 
the  sources  of  error  in  the  analysis,  by  the 
geometric  theory  of  diffraction  (GTD),  of 
the  performance  of  a  high-gain,  dual- 
shaped  antenna  reflector.  These  sources 
exert  particularly  significant  effects  on  the 
computed  electromagnetic  fields  in  the 
vicinity  of  the  edge  of  the  main  reflector. 
As  a  result,  the  computed  spillover  past 
the  main  reflector  and  the  computed  noise 
figure  of  the  high-gain  antenna  system  can 
be  in  error. 

The  cause  of  the  problem  is  a  ring  or 
ribbon  caustic  of  the  GTD  field  scattered 
by  the  subreflector.  This  caustic  is  located 
behind  the  main  reflector.  For  subreflector- 
edge  illuminations  of  the  order  of  -  20  dB 
and  high-gain  distributions  across  the 
aperture  of  the  main  reflector,  the  rays  in 
the  geometrical-optics  approximation 
("GO"  rays)  scattered  from  the  subreflec- 
tor converge,  rather  than  diverge,  toward 
the  edge  of  the  main  reflector.  This  singu- 
larity was  studied  previously  to  determine 
its  effects  upon  the  far-field  computations 
of  scattering  from  the  subreflector,  to  de- 
termine its  effect  upon  errors  in  the  predic- 
tion of  efficiency,  and  to  calculate  correc- 


tions, based  on  physical  optics  (PO),  for 
the  errors  of  GTD  diffraction  calculations. 

This  study  probes  further  into  the  under- 
lying analytic  causes  of  the  singularity,  with 
a  view  toward  devising  and  testing  practi- 
cal methods  to  avoid  the  problems  caused 
by  the  singularity.  The  uniform  theory  of  dif- 
fraction (UTD)  edge  diffracted  field  and 
the  UTD  slope-diffracted  field  have  caustics 
at  the  same  location  as  that  of  the  GO 
field.  An  analysis  shows  that  the  slope- 
diffracted  field  exhibits  the  strongest 
caustic  singularity. 

Because  the  caustic  is  shaped  like  a 
ring,  the  region  of  stationary  phase  on  the 
subreflector  (for  observation  points  near 
the  caustic)  is  found  to  be  elongated  — 
narrow  in  the  <j>  (azimuthal)  direction  and 
long  in  the  6  (polar-angle)  direction  (in  r, 
6,  4>  spherical  coordinates)  of  integration 
over  the  subreflector.  Therefore,  one  can 
compute  the  field  in  the  vicinity  of  the  edge 
of  the  main  reflector  both  accurately  and 
rapidly  by  use  of  a  stationary-phase  eva- 
luation in  <(>  and  a  PO  integral  in  0.  In  ef- 
fect, this  reduces  the  two-dimensional  PO 
integral  to  a  one-dimensional  PO  integral 
that  is  readily  computable,  even  if  the  sub- 


reflector is  very  large.  Thus,  one  can  re- 
tain some  of  the  principal  advantage 
(which  is  speed)  of  GTD,  while  gaining  the 
accuracy  of  PO  where  GTD  breaks  down. 
In  the  vicinity  of  the  caustic,  the  integra- 
tion in  0  can  be  accelerated  further  by  use 
of  an  asymptotic  physical-optics  evalua- 
tion technique. 

This  hybrid  PO(with  respect  to  0)/GO(with 
respect  to  <£)  approach  can  be  used  to 
study  the  near-field  spillover  or  noise-tem- 
perature characteristics  of  a  high-gain  re- 
flector antenna  efficiently  and  accurately. 
The  report  illustrates  this  approach  and  the 
underlying  principles  by  presenting  numer- 
ical results,  for  both  offset  and  symmetrical 
reflector  systems,  computed  by  the  GTD, 
PO,  and  POfl/GO,,  methods. 

This  work  was  done  by  Victor  Galindo, 
Thavath  W.  Veruttipong,  and  William  A. 
Imbriale  of  Caltech  and  Sambiam 
Rengarajan  of  Cal  State  Northridge  for 
NASA's  Jet  Propulsion  Laboratory. 
Obtain  a  copy  of  the  report,  "Inflection 
Point  Caustic  Problems  and  Solutions  for 
High-Gain  Dual-Shaped  Reflectors." 
NPO-18046/TN 
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Circuit  for  Current-vs.-Voltage  Tests  of  Semiconductors 

The  principal  virtues  are  low  cost,  simplicity,  and  compactness. 


A  simple,  easy-to-use  circuit  is  designed 
for  measurement  of  the  dc  current-versus- 
voltage  characteristics  of  semiconductor 
devices.  The  principal  virtues  of  this  circuit 
are  that  in  comparison  with  most  labo- 
ratory testers  designed  for  the  same  pur- 
pose, it  is  simple,  compact,  and  inexpen- 
sive. 

The  circuit  (see  figure)  would  be  oper- 
ated in  conjunction  with  an  x-y  pen  plot- 
ter or  a  digital  storage  oscilloscope,  which 
would  record  the  data.  A  ramp-waveform 
generator  could  be  inserted  in  place  of  the 
potentiometer  for  automatic  testing.  If  the 
ramp  frequency  is  great  enough  to  sup- 
press the  appearance  of  flicker  but  not  so 
great  that  the  current  and  voltage  wave- 
forms become  distorted  by  the  capaci- 


tances of  the  device  or  circuit,  then  the 
current-vs.-voltage  curves  could  be  dis- 
played on  an  ordinary  oscilloscope. 

The  circuit  includes  large  feedback  re- 
sistors to  prevent  high  currents  that  would 
damage  the  device  under  test.  A  triaxial 
BNC  (or  equivalent)  connector  in  a  driven- 
shield  configuration  that  minimizes  the  ca- 
pacitance between  the  inner  and  outer 
coaxial  leads  is  used  as  the  port  for  the 
device  under  test.  This  minimization  of  ca- 
pacitance allows  a  faster  scan.  If  a  tran- 
sistor or  other  three-terminal  device  is  to 
be  tested,  a  power  supply  driven  by  a  digi- 
tal-to-analog converter  can  be  connected 
to  the  third  terminal. 

This  work  was  done  by  Steven  W. 
Huston  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 
MFS-29623/TN 


The  Current-vs.-Voltage  Testing  Circuit  can 

be  used  to  evaluate  diodes  and  transistors. 
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Doping  To  Reduce  Base  Resistances  of  Bipolar  Transistors 

A  p/p  +  base-doping  profile  would  reduce  base  resistance  without  reducing  current  gain. 


A  modified  doping  profile  has  been  pro- 
posed to  reduce  the  base  resistances  of 
bipolar  transistors.  Low  base  resistances 
are  desirable  for  high-speed  applications. 
Decreases  in  base  resistances  can  also 
result  in  decreases  in  voltage  drops  along 
emitter/base  junctions,  with  consequent 
decreases  in  the  undesired  crowding  of 
emitter  currents. 

When  base  resistances  are  reduced  by 
increasing  the  concentrations  of  dopants 
in  the  bases  of  bipolar  transistors  in  the 
conventional  manner,  emitter  efficiencies 
and  current  gains  are  reduced.  The  pro- 
posed base  structure  would  reduce  the 
base  resistance  without  degrading  the  cur- 
rent gain.  As  shown  in  the  figure,  it  would 
involve  the  placement  of  a  p  (or  n)  layer 
near  the  emitter  and  a  p+  (or  n  +  )  layer 
near  the  collector  in  the  case  of  an  npn 
(or  a  pnp,  respectively)  transistor.  The  p  (or 
n)  layer  near  the  emitter  ensures  a  high 
emitter  efficiency,  and  the  resistance  would 
be  reduced  by  the  incorporation  of  the  p  + 
or  n+  layer. 

For  example,  the  concentration  of  the 
dopant  in,  and  the  thickness  of,  the  base 
of  a  typical  npn  bipolar  transistor  are 
1X1018  cm-3  and  0.5  /tm,  respectively, 
and  cause  the  sheet  resistance  of  the  base 
to  be  200  ohms  per  square.  The  proposed 
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NPN  TRANSISTOR 


p+  Emitter 


p  Collector 


PNP  TRANSISTOR 


The  Proposed  Low/ 
High  Doping  Profile 

would  reduce  the  re- 
sistance of  the  base 
without  reducing  the 
current  gain. 


low/high  base  profile  of  1  x  1018  and  1  x  1020 
cm-3  and  thicknesses  of  0.2  and  0.3  /im 
for  the  p  and  p+  layers,  respectively, 
would  reduce  the  sheet  resistance  of  the 
base  to  less  than  30  ohms  per  square. 
The  proposed  low/high  base-doping  pro- 
file could  be  realized  by  such  low-tem- 
perature deposition  techniques  as  mo- 
lecular-beam epitaxy,  ultra-high-vacuum 


chemical-vapor  deposition,  and  limited-re- 
action epitaxy.  These  techniques  can  pro- 
duce the  desired  doping  profiles  without 
excessive  diffusion  of  dopant. 

This  work  was  done  by  True-Lon  Lin  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17948/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P  O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  A~r  THE  END  OF  THIS  ARTICLE 


700 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Ferroelectric  Memory  Capacitors  for  Neural  Networks 

Features  would  include  nondestructive  readout,  simplicity,  and  resistance  to  ionizing  radiation. 


Thin-film  ferroelectric  capacitors  have 
been  proposed  as  nonvolatile  analog 
memory  devices.  They  are  intended  pri- 
marily for  use  as  synaptic  connections  in 
electronic  neural  networks.  Specifically, 
the  connection  strengths  (synaptic  weights) 
would  be  stored  as  the  nonlinear  remanent 
polarizations  of  ferroelectric  films.  In  con- 
trast with  older  ferroelectric  memory  de- 
vices that  store  binary  data,  the  proposed 
devices  could  be  interrogated  without  de- 
stroying the  stored  analog  data;  conse- 
quently, memory  circuits  would  be  simpler 
because  no  concurrent  memory-refresh- 
ing circuitry  would  be  needed.  The  pro- 
posed devices  would  be  amenable  to  very- 
large-scale  integration.  They  would  allow 
the  use  of  ac  coupling,  which  would  elimi- 
nate errors  caused  by  dc  offsets  in  the  am- 
plifier circuits  of  neural  networks. 

A  memory  device  could  be  made  in  a 
vertical  or  a  lateral  configuration  (see  Fig- 
ure 1).  In  the  vertical  configuration,  two  thin 
ferroelectric  films  would  be  interspersed 
with  three  metal  electrodes.  The  upper  fer- 
roelectric film  would  serve  as  the  dielec- 
tric analog  memory  element  of  a  memory 
capacitor  and  would  be  tailored  to  have 
excellent  piezoelectric  properties.  The  low- 
er ferroelectric  film  would  serve  as  the 
dielectric  element  of  an  interrogation  (read- 
out) capacitor  and  would  be  tailored  to 
have  excellent  electrostrictive  (inverse  pie- 
zoelectric) properties.  An  ac  interrogating 
signal  would  be  applied  to  the  interroga- 


tion capacitor,  acting  via  the  electrostric- 
tive effect  to  generate  an  elastic  strain 
wave  that  would  be  coupled  into  the  mem- 
ory capacitor.  Acting  via  the  piezoelectric 
effect,  the  elastic  wave  would  cause  the 
memory  capacitor  to  put  out  a  signal  pro- 
portional in  magnitude  and  related  in 
phase  to  the  direction  of  the  remanent 
polarization  in  the  upper  ferroelectric  film. 
Thus,  the  datum  stored  as  the  remanent 
polarization  would  be  read  out  without  de- 
stroying it. 

In  the  lateral  configuration,  the  two  ca- 
pacitors would  lie  side  by  side  and  would 
share  both  the  same  dielectric  film  and  a 
common  electrode.  The  principle  of  opera- 
tion would  be  similar  to  that  of  the  vertical 
configuration.  In  this  case,  the  interrogating 
signal  would  be  applied  to,  say,  the  left 
electrode,  the  elastic  wave  would  prop- 
agate along  the  single  ferroelectric  film  to 
the  right  electrode,  and  the  output  signal 
would  be  coupled  out  through  the  right 
electrode. 

Figure  2  A  Photoconductive  Layer 
Modulated  by  Light  would  provide  a 
variable  resistance  to  alter  the  bias 
signal  applied  to  the  memory  capacitor. 


Figure  1  Ferroelectric  Memory  and 
Interrogation  Capacitors  would  be 
combined  Into  memory  devices  in 
vertical  or  lateral  configurations 
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A  datum  could  be  stored  in  a  memory 
capacitor  optoelectronically.  For  example, 
an  additional  layer  of  photoconductive  hy- 
drogenated  amorphous  silicon  atop  the  up- 
per electrode  in  the  vertical  configuration 
could  be  exposed  to  light  in  an  image  (see 
Figure  2).  The  local  brightness  of  the  light 
would  control  the  electrical  conductivity 
of  the  photoconductive  layer,  causing  a 
bias  voltage  and,  consequently,  the  rema- 
nent polarization,  to  vary  accordingly.  Op- 
erating in  this  manner,  an  integrated-circuit 
planar  array  of  such  devices  could  store 
information  from  an  image  projected  on  it. 

This  work  was  done  by  Sarita  Thakoor, 
Alexander  W.  Moopenn,  and  Henry  L 
Stadler  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NP0-17973/TN. 
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Improved  Planar  Schottky  Diode 

Changes  in  the  epitaxial  layer  structure  and  additional  fabrication  steps 
reduce  conversion  loss  in  millimeter  and  submillimeter  mixers. 


Modifications  of  the  design  and  fabrica- 
tion of  a  surface-channel  planar  Schottky 
diode  (NASA  Tech  Briefs,  Vol.  12,  No.  7, 
pp.  22-23)  reduce  the  parasitic  capaci- 
tances to  the  theoretical  minimum,  eli- 
minate the  buried  layer  of  conductive  ma- 
terial between  the  anode  contact  and  the 
semi-insulating  substrate,  and  reduce  the 
thickness  of  the  diode  chip.  These  im- 
provements combine  to  reduce  the  con- 
version loss  and  noise  of  the  diode  in  high- 
frequency  mixer  applications. 

A  thin  layer  of  AIGaAs  is  added  to  the 
standard  initial  epitaxial-layer  structure,  as 
shown  in  part  1  of  the  figure.  This  layer  acts 
as  an  etch  stop  during  a  later  fabrication 
step. 

After  the  surface-channel  diode  fabrica- 
tion but  before  dicing,  a  polymer  filler  is  in- 
jected into  the  etched  surface  channel  on 
the  wafer.  This  filler  preserves  the  channel 
during  subsequent  fabrication  steps  by 
protecting  it  from  other  etchants.  The  filler 
may  be  the  same  material  used  as  a  tem- 
porary adhesive  when  the  wafer  is  inverted 
and  bonded  to  a  carrier,  as  shown  in  part  2 
of  the  figure,  and  may  be  injected  at  the 
same  time.  This  filler/adhesive  must  be 
unaffected  by  photoresist  and  photoresist 
solvents  but  must  be  easily  removed  by 
other  chemicals  at  the  end  of  fabrication. 

Once  the  wafer  is  bonded  to  the  carrier, 
the  semi-insulating  substrate  is  etched 
away  to  the  AIGaAs  etch  stop.  The  wafer  is 
patterned  with  photoresist  while  still  on  the 
carrier,  and  the  AIGaAs  and  GaAs  above 
the  anode  contact  pad  are  removed,  as 
shown  in  part  3  of  the  figure.  Because  of 
the  large  size  of  the  surface  channel,  this 
backside  patterning  is  not  critical  in  terms 
of  alignment. 

A  thin  [1  -  to  2-mil  (25-  to  50-/jm)]  layer  of 
low  dielectric-constant  material,  such  as  a 
polymer,  spin-on  glass,  or  quartz  with  ad- 
hesive, is  applied  to  the  wafer  to  provide 
support.  The  wafer  is  diced  into  individual 
chips  while  still  bonded  to  the  carrier.  After 
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removing  the  chips  from  the  carrier  and  re- 
moving the  surface  channel  filler,  single 
chips  are  soldered  or  bonded  to  a  choke 
structure  in  a  "flip-chip"  configuration.  The 
diode  chip  may  be  used  with  the  new  sup- 
port dielectric  in  place  (see  part  4  of  figure) 
or,  for  absolute  minimum  parasitic  capaci- 
tance and  thickness,  the  support  dielectric 
may  be  etched  or  dissolved  away  (see  part 
5  of  figure). 

This  work  was  done  by  William  Bishop 
and  Robert  Mattauch  of  the  University  of 
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The  Modified  Planar  Schottky  Diode  is 

shown  at  various  stages  in  its  fabrication. 


Virginia    for    Goddard    Space    Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Goddard  Space  Flight  Center.  Refer  to 
GSC-13205/rTN. 
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Lightweight,  High-Energy  Lead/Acid  Battery 

Woven  electrodes  would  increase  the  energy-to-weight  ratio. 
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Figure  1    Pastes  on  the  Woven  Electrode  make 
half  negatively  active  and  half  positively  active. 

A  concept  for  a  lead/acid  battery  calls 
for  woven-grid  bipolar  electrodes.  In  a  high- 
voltage  configuration,  the  battery  would 
have  higher  specific  energy  and  power 
than  do  conventional  lead/acid  batteries.  It 
would  be  rugged,  longlived,  and  mainten- 
ance-free. Made  from  readily  available, 
low-cost  materials  by  standard  lead/acid 
production  methods,  the  battery  would  be 
particularly  well  suited  for  use  in  electronic 
equipment,  aircraft,  and  electric  vehicles 
for  industrial  and  passenger  service. 

The  proposed  battery  would  be  com- 
posed of  stacked  cells.  Each  cell  would  in- 
clude a  bipolar  electrode  —  an  electrode 
with  positive  and  negative  areas.  The  elec- 
trodes would  be  supported  by  continuously 
woven  fiberglass  yarn.  An  extruded  lead 
sheath  would  cover  the  transverse  weave. 
The  longitudinal  weave  would  be  merely 
coated  with  sizing:  because  longitudinal 
conductivity  is  not  needed,  the  lead  cover- 
ing would  be  eliminated  to  save  weight.  A 
strip  of  hot-melt  tape  would  be  applied 
along  the  middle  of  a  woven  electrode. 

The  electrode,  while  still  flat,  would  be 
coated  on  one  side  of  the  middle  tape  with 
a  positive  paste  and  on  the  other  side  with 
a  negative  paste  (see  Figure  1).  The  elec- 
trode would  then  be  folded  in  half  along  the 
tape. 

A  pair  of  folded  electrodes  would  be 
slipped  over  opposite  edges  of  a  polyethy- 
lene partition  sheet,  so  that  the  negative 
halves  of  the  two  bipolar  strips  would  be  on 
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Figure  2.  The  Stack  of  Bipolar  Cells  forms  a  lead/acid  battery.  Each  cell  contains  a  pair  of 
folded  electrodes,  like  the  one  shown  in  Figure  1,  that  are  negative  on  one  side  of  the  fold, 
positive  on  the  other. 


one  side  of  the  partition  and  the  positive 
halves  on  the  other.  The  electrode  would 
then  be  folded  in  half  along  the  tape.  The 
electrode-and-partition  subassembly  would 
be  sandwiched  between  a  pair  of  glass 
mats  and  sealed  on  the  edges  by  an  adhe- 
sive. Electrolyte  would  be  immobilized 
within  the  cell  so  that  acid  would  not  be  re- 
leased if  the  battery  case  were  damaged. 
A  small  tube  in  each  hot-melt  border  would 
allow  excess  gas  to  be  vented. 

Final  assembly  would  consist  of  filling 
the  cells  with  the  electrolyte,  placing  con- 
ventional monopolar  electrodes  at  the 
ends  of  the  cell  stack,  connecting  the  end 
electrodes  to  the  battery  terminals  via  lead 
buses,  inserting  the  stack  into  the  case, 
and  sealing  a  lid  on  the  case.  The  stack 
(see  Figure  2)  would  be  force-fit  into  a 
housing  to  ensure  the  optimum  cell  pres- 
sure. 

According  to  design  calculations,  an  as- 
sembly measuring  7.12  by  10.5  by  5.25  in. 
(18.1  by  26.7  by  13.3  cm)  and  having  a  mass 
of  11.8  kilograms  would  have  a  capacity  of 
5.72  ampere-hours.  Its  specific  energy 
would  be  58.6  watt-hours  per  kilogram  at 
58-percent  positive-plate  utilization.  The 
output  voltage  would  be  20  volts  per  in.  of 
stack  height  (7.9  volts/cm).  The  inactive 


mass  would  be  only  29  percent  of  the  total, 
compared  with  about  40  percent  for  con- 
ventional designs.  The  assembled  battery 
could  be  operated  in  any  orientation. 
This  work  was  done  by  Wally  E.  Rippel 
and  Dean  B.   Edwards  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 
Edward  An  sell 

Director  of  Patents  and  Licensing 
Mail  Stop  305-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NP0-16962/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 


Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Low-Loss  Coupler  for  Microwave  Laser-Diode  Modulation 

Elimination  of  a  series  resistor  reduces  the  loss  of  radio-frequency  power. 


Recent  trends  in  high-bit-rate  communi- 
cation dictate  a  need  for  a  signal-proces- 
sing system  that  can  operate  in  the  frequen- 
cy range  trom  direct  current  to  microwaves. 
Unfortunately,  the  outputs  of  many  com- 
ponents, particularly  laser  diodes,  decrease 
with  increasing  frequency.  To  increase  op- 
erating frequencies,  such  devices  are  typi- 
cally designed  to  have  reduced  capaci- 
tances. They  are  mounted  such  that  the 
lengths  of  the  lead  wires  are  minimized  to 
reduce  series  inductance.  Further,  since 
the  resistance  of  a  laser  diode  is  typically 
about  5  ohms,  a  resistor  of  about  45  ohms 
is  placed  in  series  with  the  device,  pro- 
viding an  impedance  match  when  the  de- 
vice is  connected  to  a  coaxial  cable  hav- 
ing a  50-ohm  characteristic  impedance. 

However,  resistors  generate  heat.  Typi- 
cally, a  resistor  connected  to  a  laser  device 
that  is  in  a  package  is  required  to  be  lo- 
cated outside  the  package  to  dissipate  the 
heat.  The  need  to  keep  lead  wires  short 
makes  the  use  of  an  outside  resistor  par- 
ticularly difficult,  and  the  resistor  reduces 
the  output  of  the  laser. 

Therefore,  it  is  desirable  to  eliminate  the 
resistor  and  to  extend  the  frequency  re- 
sponse of  a  laser,  the  output  signal  of 
which  decreases  with  the  frequency  of  the 
modulation.  The  figure  illustrates  a  design 
concept  intended  to  accomplish  this.  It  in- 
cludes a  signal-voltage  source  and  a  re- 
sistance matched  to  the  source.  The  re- 
sistance is  coupled  to  a  transmission  line 
of  indefinite  length.  The  other  end  of  the 
transmission  line  is  coupled  to  the  input 
end  of  another  transmission  line  called  the 


A  Quarter-Wavelength 
Matching  Section  con- 
nected to  a  transmission  line 
eliminates  the  need  for  a 
resistor  near  the  laser  diode 
and  extends  the  frequency 
response  of  system. 


"component"  transmission  line,  which  has 
an  impedance  of  about  zero  ohms.  The 
output  end  of  the  component  transmission 
line  is  coupled  to  a  semiconductor  laser 
diode  or  other  component. 

The  component  transmission  line  is  in- 
itially resonant  at  a  second  frequency 
greater  than  a  first  frequency  at  which  the 
output  of  the  component  begins  to  de- 
crease. For  a  laser  diode,  the  resonant  fre- 
quency is  typically  chosen  to  be  about  1.5 
to  3  times  as  great  as  the  frequency  at 
which  the  output  voltage  is  at  the  -3-dec- 
ibel  level.  Typically,  the  electrical  length  of 
the  component  transmission  line  is  chosen 
to  be  about  one-quarter  of  the  wavelength 
at  this  resonant  frequency. 

The  magnitude  of  the  resonant  peak 
can  be  altered  by  changing  the  character- 
istic impedance  and  the  length  of  the  com- 
ponent transmission  line,  and,  if  chosen 
correctly,  the  peaking  effect  can  compen- 
sate for  the  decrease  in  the  output  of  the 
component  with  increasing  frequency.  This 
concept  significantly  extends  the  relatively 
flat  frequency  response  of  a  laser  diode 
or  similar  component,  while  simplifying  the 
design  of  its  package,  increasing  the  am- 
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plitude  of  the  output  signal,  and  reducing 
the  dissipation  of  heat  by  eliminating  a 
resistance.  Further,  the  phase  characteris- 
tics are  approximately  linear  and,  therefore, 
any  digital  information  transmitted  is  not 
significantly  altered. 

This  work  was  done  by  Minoru  Toda  of 
the  David  Sarnoff  Research  Center,  Inc. 
for  Langley  Research  Center. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National 
Aeronautics  and  Space  Act  [42  U.S.C. 
2457(f)]  to  General  Electric  Canada,  Inc. 
Inquiries  concerning  licenses  for  its  com- 
mercial development  should  be  address- 
ed to 

Raymond  A.  Eckersley 

Manager,  Patents  and  Licensing  Services 

General  Electric  Canada,  Inc. 

23  Meadowvale  Boulevard 

Mississauga,  Ontario 

Canada  L5N  5P9 
Refer  to  LAR-13788/TN. 
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Hampton.  VA  23665 
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(804)  864-3523 
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Phototransistors  for  Long-Wavelength  Infrared 

Detection  would  be  based  on  impurity-to-continuum  transitions. 


Phototransistors  of  a  proposed  new  type 
would  be  used  to  detect  photons  that  have 
wavelengths  of  8  to  150  fim.  Integrated- 
circuit  imaging  arrays  of  such  phototran- 
sistors would  be  useful  in  infrared  remote 
sensing. 

A  device  of  this  type  would  be  a  silicon, 
germanium,  or  silicon/germanium  photo- 
transistor  in  which  the  junction  between 
the  collector  and  the  base  is  lightly  doped 
with  impurities.  In  the  case  of  the  npn  Si/ 
Ge/Si  phototransistor  shown  in  the  figure, 
the  dopant  would  be  one  or  more  electron- 
donor  material(s)  in  which  the  electron-en- 
ergy states  lie  slightly  below  the  bottom 
of  the  conduction  band  of  silicon. 

Photons  of  energy  equal  to  or  greater 
than  the  gap  between  these  states  and  the 
conduction  band  would  excite  electrons 
from  the  donor  states  to  the  continuum  of 
energy  states  in  the  conduction  band.  The 
electric  field  that  arises  from  the  appli- 
cation of  the  customary  reverse  bias  to 
the  collector/base  junction  would  sweep 
these  photoexcited  electrons  toward  the 
collector. 

The  positive  donor  ions  left  by  the  photo- 
excitation  would  increase  the  forward  bias 
across  the  emitter/base  junction;  this  would 
cause  electrons  to  be  injected  from  the 
emitter  to  the  base.  If  the  lifetimes  of  the 
injected  electrons  exceeded  the  times  of 
transit  across  the  base,  then  most  of  this 
injected-electron  current  would  be  ampli- 
fied by  normal  transistor  action. 

Although  a  phototransistor  of  this  type 
could  have  a  Ge  or  Si  homostructure,  a 
heterostructure  containing  both  Si  and  Ge 
is  preferred  because  it  blocks  the  transport 
of  holes  and  thereby  contributes  to  the  cur- 
rent gain.  Blocking  the  hole  current  also 
decreases  the  dark  current  and  its  con- 
tribution to  noise. 

Another  alternative  configuration  would 
include  a  blocked-impurity-band  structure, 
which  makes  it  possible  to  take  advantage 
of  concentrated  doping  without  incurring 
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An  npn  Phototransistor,  of  several  versions  of  a  proposed  new  type,  would  include 
infrared-active  electron-donor  dopant  in  a  thin  layer  at  the  collector/base  junction. 


the  disadvantage  of  large  leakage  of  cur- 
rent by  conduction  through  the  impurity 
band.  In  this  case,  the  blocking  layer  (in 
which  charges  cannot  travel  in  the  impurity 
band)  would  be  a  thin,  undoped  layer 
grown  on  the  collector  side  of  the  heavily 


doped  active  layer. 

This  work  was  done  by  Shmuel  I. 
Borenstain  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

NPO-18029/TN 
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Fermi  National  Accelerator  Laboratory 


VMEbus  Multi-Channel  Digitizer 


Current  "fast"  digitizer  capabilities  available  in  Fermilab  control  systems  are  limited  to  either  a  few  kHz  for  normal 
data  acquisition  or  readout  of  a  single  or  dual  channel  commercial  digital  storage  oscilloscope.  Between  these  two 
limits,  there  is  a  need  for  devices  that  can  digitize  several  channels  at  rates  up  to  a  few  tens  of  megahertz  and  store 
several  thousand  readings  for  each  channel. 

Now  in  the  prototype  stage  of  development,  the  VMEbus  multi-channel  digitizer  board  is  an  intermediate  speed, 
4-channel  waveform  digitizer  designed  to  fill  a  niche  between  powerful  sampling  oscilloscopes  and  kilocycle 
devices.  The  system  consists  of  a  single  VMEbus  board  that  uses  a  field  programmable  gate  array  to  control  four, 
12-bit,  1-MHz  Datel  model  ADS-1 12  digitizers  with  128k  Bytes  of  memory  for  each  channel.  The  use  of  the 
programmable  gate  array  to  control  the  boards  makes  it  possible  to  implement  various  operating  modes  such  as 
circular  buffer  mode  and  pre-  and  post-triggering.  Operating  characteristics  can  be  completely  changed  by 
reprogramming  the  gate  array.  (Datel  plans  to  market  2-MHz  and  5-MHz  versions  of  their  12-bit  digitizer.  These 
faster  versions  could  be  used  when  they  become  available.) 

Two  typical  example  applications  areas  are:  1)  reading  Booster  accelerator  data  once  per  revolution  throughout  the 
entire  cycle;  and  2)  reading  the  waveform  of  the  several  Linear  accelerator  parameters  during  individual  Linac 
cycles.  The  technology  is  publicly  available  without  a  license. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.  Refer  to  FAA-617ATN. 
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Improved  Rotary  Transformer  for  Shaft-Position  Indicator 

An  iron  core  is  replaced  by  a  ferrite  core. 


An  improved  rotary  transformer  for  an 
Inductosyn  (or  equivalent)  shaft-position- 
indicating  circuit  has  a  pair  of  ferrite  cores 
instead  of  the  solid-iron  cores  that  would 
ordinarily  be  used  in  such  an  application. 
The  transformer  was  designed  with  a  view 
toward  decreasing  the  excitation  power  (to 
the  maximum  allowable  2  W)  supplied  to 
the  shaft-position-indicating  circuit  to  in- 
crease its  output  signal  and  thereby  make 
a  tracking  system  in  which  it  is  to  be  used 
less  vulnerable  to  electromagnetic  inter- 
ference. 

The  basic  design  calls  for  power  to  be 
supplied  to  the  primary  winding  of  the  trans- 
former at  5  to  7  V  with  a  frequency  of  10 
kHz.  Under  these  conditions,  a  pair  of  solid- 
iron  cores  would  act  much  like  a  shorted 
secondary  winding  of  the  transformer,  re- 
quiring extremely  high  excitation  current 
and  imposing  high  eddy-current  losses. 

Two  rotary  transformers  were  built:  one 
with  a  pair  of  solid-iron  cores,  the  other 
with  a  pair  of  ferrite  cores.  With  the  ex- 
ception of  the  core  material,  both  had  the 
same  design:  dimensions  as  shown  in  the 
figure,  primary  winding  consisting  of  10 
turns  of  No.  22  wire,  and  secondary  win- 
ding consisting  of  4  turns  of  No.  18  wire. 
The  primary-to-secondary  turns  ratio  of  2.5 
gives  an  approximate  match  between  the 
10-Q  load  required  by  the  source  of  power 
and  the  1 .1-0,  load  resistance  of  the  shaft- 
position-indicating  circuit. 

Both  transformers  were  tested  under 
identical  conditions.  The  expected  shorted- 
secondary  effect  was  observed  in  the  solid- 


iron-core  transformer,  and  an  excitation 
current  of  more  than  6  A  was  required  to 
supply  the  induced  eddy  currents.  This  is 
far  too  much  excitation  current  to  be  prac- 
tical. 

In  contrast,  the  ferrite-core  transformer 
required  only  0.53  A  of  excitation  and  load 
current  combined.  The  coefficient  of  cou- 
pling between  the  primary  and  secondary 
windings  of  the  ferrite-core  transformer 
was  calculated  to  be  about  0.96.  The 
ferrite-core  transformer  was  found  to  be 
able  to  furnish  the  required  2  W  to  the 
shaft-position-indicating  circuit  with  a  sup- 
ply of  only  5  V,  representing  an  order-of- 
magnitude  improvement  in  efficiency  over 
the  solid-iron-core  transformer.  A  further 
reduction  of  about  20  percent  in  the  full- 
load  input  current  of  the  ferrite-core 
transformer  was  obtained  by  resonating 
the  inductive  reactance  with  a  V/iF  ca- 
pacitor connected  across  the  primary 
winding. 

This  work  was  done  by  Colonel  W.T. 
McLyman  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17169/TN 


Facing  Half  Cores  of  the  rotary 
transformer  contain  grooves 
that  accommodate  the  primary 
and  secondary  windings. 
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Device  Measures  Angle  of  Deployment 

A  simple  circuit  gives  a  positive  indication  of  position. 


A  simple  electromechanical  device  in- 
dicates the  angular  position  of  an  unfolding 
panel  during  and  after  deployment.  De- 
signed for  use  on  a  panel  of  solar  photo- 
voltaic cells  in  a  spacecraft,  the  device 
could  be  modified  for  use  in  other,  similar 
position-indicating  applications. 

Previously,  full  deployment  of  the  panel 
was  indicated  when  the  panel  locked  in 
place,  depressing  a  small  switch  at  the  end 
of  its  travel.  However,  if  the  switch  was  not 
activated  after  the  deployment  command 
had  been  given,  there  was  no  way  of 
knowing  the  position  of  the  panel  or  wheth- 
er the  deployment  of  the  panel  had  even 
begun  at  all.  An  alternative  indicator  includ- 
ed a  series  of  position  sensors  to  track  the 
movement  of  the  panel,  but  these  devices 
required  additional  wiring,  which  undesir- 
ably increased  both  weight  and  resistance 
to  the  movement  of  the  panel. 


In  the  new  indicator,  a  potentiometer  in 
a  simple  circuit  (see  figure)  is  connected 
mechanically  across  the  hinge  of  the  panel. 
The  resistance  of  the  potentiometer  grad- 
ually increases  from  0  to  5  kfi  as  the  hinge 
opens.  A  passive  analog  telemetry  system 
sends  1-mA  pulses  of  current  through  the 
circuit  and  measures  the  voltage  across 
it.  When  the  panel  is  stowed,  the  resist- 
ance is  0,  and  the  circuit  gives  a  reading 
of  0  fi.  While  the  panel  is  traveling,  the  cir- 
cuit puts  out  0  to  3  V.  When  the  panel  is 
fully  deployed  and  locked  up,  it  presses 
against  and  thereby  opens  a  small,  nor- 
mally closed  switch.  This  action  opens  a 
parallel  resistive  branch  of  the  circuit, 
causing  the  output  voltage  to  rise  abrupt- 
ly to  5  V. 

This  work  was  done  by  Joel  B. 
Jermakian  of  Goddard  Space  Flight 
Center.  GSC-13351/TN 
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The  Resistance  of  the  Potentiometer 

gradually  increases  as  the  unfolding  of 
a  solar  panel  about  a  hinge  moves  the 
wiper  of  the  potentiometer.  At  full  de- 
ployment, the  panel  pushes  and  opens 
the  normally  closed  switch. 
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Ensuring  Naval  Fuel  Performance 


The  Naval  Research 
Laboratory  (NRL),  Washington, 
D.C.,  has  developed  a  simple  test 
method  for  fuel  as  a  spin-off  from 
related  programs  that  assess 
sludge-preventing  additives  and 
investigates  the  chemical  causes  of 
the  fuel  degradation.  The  test 
involves  heating  a  small  sample  of 
diesel  fuel  for  a  short  time  under 
moderate  oxygen  pressures.  The 
amount  of  solids  that  form  within 
24  hours  of  the  test  accurately 
predicts  the  fuel  shelf  life  (up  to 


three  years).  The  new  test  will 
greatly  reduce  fuel  problems  that 
could  affect  combat  readiness  and 
naval  operations. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160104/TN 
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High-Power  Liquid-Metal  Heat-Transfer  Loop 

A  perm  selective  barrier  would  sustain  a  high  differential  pressure  and  a  consequent 
high  rate  of  pumping. 


A  proposed  closed-loop  system  for  the 
transfer  of  thermal  power  would  operate 
at  relatively  high  differential  pressure  be- 
tween the  vapor  and  liquid  phases  of  a 
liquid-metal  working  fluid.  The  higher  dif- 
ferential pressure  could  be  used  to  pump 
the  fluid  at  a  higher  rate,  thereby  increas- 
ing the  output  thermal  power.  Inasmuch 
as  the  system  would  contain  no  moving 
parts,  it  should  be  highly  reliable  and  well 
suited  to  long-term  unattended  operation. 

The  system  is  based  partly  on  the  same 
principle  that  underlies  the  operation  of 
heat  pipes  and  capillary  pumped  loops.  All 
such  heat-transfer  loops  are  essentially 
heat  engines  in  which  the  sources  are 
slightly  hotter  than  the  sinks  are,  and  the 
power  produced  by  the  expansion  of  the 
working  fluid  upon  vaporization  at  a  source 
is  consumed  in  pumping  the  fluid  around 
the  loop.  The  term  "capillary  pumped  loop" 
is  misleading  in  that  the  capillary  force 
does  not  pump  the  fluid:  instead,  it  acts  with- 
in a  wick  to  provide  a  meniscus  that  serves 
as  a  barrier  between  the  liquid  and  vapor. 
One  major  disadvantage  of  a  capillary-type 
device  is  that  the  maximum  differential 
pressure  it  can  sustain  is  determined  by 
the  capillary  force,  and  any  attempt  to  in- 
crease it  is  inhibited  by  the  practical  dif- 
ficulty of  making  smaller  pores  and  by  the 
tendency  of  small  pores  to  become  clogged 
over  a  long  time. 

In  the  proposed  loop,  the  wick  would 
be  replaced  by  the  combination  of  a  por- 
ous electrode  and  a  permselective  barrier. 
In  the  version  shown  in  the  figure,  the  fluid 
would  be  sodium,  and  the  barrier  material 
would  be  /3  alumina  solid  electrolyte,  which 
conducts  sodium  ions  (but  not  neutral 
atoms)  preferentially  to  electrons.  The  liq- 
uid zone  would  be  the  low-pressure  zone, 
the  vapor  zone  would  be  the  high-pressure 
zone,  and  heat  from  the  source  would  be 
transferred  into  the  high-pressure  zone 
near  the  porous  electrode. 
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A  positive  electric  potential  (with  respect 
to  the  porous  electrode)  would  be  applied 
to  the  liquid  side  of  the  B  alumina  elec- 
trolyte, giving  rise  to  an  electric  field  in  the 
electrolyte  that  would  tend  to  force  sodium 
ions  from  the  liquid  toward  the  vapor  zone. 
This  effect  would  oppose  the  differential 
pressure,  which  would  otherwise  force 
ions  from  the  vapor  zone  back  toward  the 
liquid  zone.  Thus,  if  a  suitable  voltage  were 
applied,  the  electrolyte-and-electrode  com- 
bination would  keep  the  liquid  and  vapor 
apart,  playing  the  same  role  as  that  of  the 
meniscus  in  a  capillary  device.  In  this  de- 
vice, however,  the  maximum  sustainable 
differential  pressure  would  be  limited  on- 
ly by  the  strength  of  the  electrode  and  solid 
electrolyte,  and  these  parts  could  be  made 
as  thick  as  necessary  to  withstand  the  dif- 
ferential pressure  required  for  pumping  at 
the  desired  rate. 

In  addition,  the  electric  potential  could 
be  varied  to  control  the  rate  of  pumping; 
a  larger  potential  would  produce  a  larger 
rate.  If  the  applied  potential  were  larger 
than  required  for  the  pressure  balance  at 
a  given  combination  of  input  and  output 
temperatures  and  rate  of  flow,  then  the  ex- 
tra potential  would  exert  an  extra  pump- 
ing effect  that  would  increase  the  rate  of 
flow  until  a  new  pressure  balance  was 
reached. 

This    work   was    done   by   Pradeep 


Liquid  (Low- 
Pressure)  Tube 


The  High-Power  Liquid-Metal  Heat-Trans- 
fer Loop  would  resemble  a  "capillary-pumped" 
liquid-metal  heat-transfer  loop  except  that  the 
electric  field  across  a  permselective  barrier  of 
(3  alumina  (instead  of  the  capillary  force  in  a 
wick)  would  keep  the  liquid  and  vapor  separate 
at  the  heat-input  end. 


Bhandari  and  Toshio  Fujita  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NPO-18034/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  tor  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Licensing 
Opportunity 


Thin,  Lightweight  Solar  Cell 

Features  include  enhanced  resistance  to  ultraviolet  light  and  to  energetic  charged  particles. 


An  improved  design  for  thin,  lightweight 
solar  photovoltaic  cells  with  front  contacts 
reduces  the  degradation  of  electrical  out- 
put under  exposure  to  energetic  charged 
particles  (protons  and  electrons).  The  de- 
sign also  increases  the  ability  of  the  cells 
to  maintain  structural  integrity  under  ex- 
posure to  ultraviolet  radiation  by  eliminating 
the  ultraviolet-degradable  adhesives  that 
have  been  used  to  retain  cover  glasses  in 
some  prior  designs. 

The  front  (illuminated)  surface  of  the  semi- 
conductor substrate  of  a  cell  contains  rec- 
tangular grooves  in  which  the  back  halves 
of  interdigitated  metal  contact  lines  are  em- 
bedded. The  cell  junctions  lie  on  the  sur- 
face, surrounding  the  metal  contacts  (see 
figure).  The  placement  of  all  the  junctions 
and  contacts  at  the  front  (rather  than  plac- 
ing some  contacts  at  the  back  as  in  prior 
designs)  provides  shorter  paths  for  the  charge 
carriers  generated  by  incident  photons  to 
travel  to  the  junctions  and  contacts.  The 
shortening  of  the  paths  decreases  the  prob- 
ability of  trapping  of  charge  carriers  by  de- 
fects. Trapping  degrades  output,  and  the 
defects  that  cause  trapping  include  those 
induced  by  energetic  charged  particles. 
Thus,  this  simple  change  of  configuration 
helps  to  maintain  output  after  exposure. 

The  front  half  of  each  contact  line  is  formed 
in  a  mating  rectangular  groove  in  the  back 
surface  of  the  cover  glass.  The  front  sur- 
face of  the  cover  glass  contains  triangular 
grooves  aligned  with  the  metal  contacts. 
The  triangular  grooves  refract  the  light  inci- 
dent on  them  away  from  the  contacts  and 
into  the  cell;  without  these  grooves,  the  af- 
fected portion  of  the  light  would  fall  on  the 
metal  contacts,  where  it  would  not  generate 
charge  carriers. 

If  the  cells  are  made  of  semiconductors 
from  groups  III  and  V  of  the  periodic  table 
(eg.,  GaAs  or  InP),  they  should  be  5  to  10 
ixm  thick.  Single-crystal  layers  of  such  thick- 
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nesses  can  be  made  by  a  peeled-film  tech- 
nique. If  the  cells  are  made  of  silicon,  they 
should  be  at  least  30  /im  thick.  A  typical 
cell  is  fabricated  by  the  following  sequence 
of  steps: 

1.  The  n+  and  p+  regions  of  the  semicon- 
ductor substrate  are  produced  by  diffusion 
of  the  dopants  into  the  semiconductor, 
using  photolithographic  masking  tech- 
niques to  form  the  regions  on  the  front 
surface. 

2.  An  antireflection  coat  is  deposited  on  the 
front  surface  of  the  semiconductor. 

3.  The  grooves  for  the  contacts  are  etched 
or  laser-scribed  into  the  front  surface  with 
the  help  of  appropriate  masks. 

4.  The  metal  contact  material  is  deposited 
into  these  grooves  and  made  flush  with 
the  top  of  the  antireflection  coating. 

5.  The  aligned  triangular  and  rectangular 
grooves  are  made  in  the  upper  and  lower 
surfaces,  respectively,  of  the  cover  glass. 

6.  By  use  of  an  appropriate  masking  tech- 
nique in  conjunction  with  plating,  evapora- 
tion or  other  means,  contact  metal  is  de- 
posited in  the  rectangular  grooves,  flush 
with  the  surface  of  the  glass. 

7.  The  cover  glass  and  the  semiconductor 
substrate  are  aligned  so  that  their  metal 
contacts  coincide,  then  are  joined  by  elec- 
trostatic bonding. 


Electrostatic 


Semiconductor 
Substrate 


Backing 


Interdigitated  Front  Con- 
tacts and  front  junctions  are 
formed  on  the  semiconduc- 
tor substrate.  Mating  con- 
tacts are  formed  on  the  back 
surface  of  the  cover  glass. 
The  cover  glass  and  sub- 
strate are  electrostatically 
bonded  together. 


8.  Multiple  cells  can  be  attached  to  a  single 
large-area  cover  glass  and  interconnected 
with  an  appropriate  pattern  in  the  glass. 

9.  A  backing  layer,  typically  of  Kapton  (or 
equivalent)  polyimide  is  attached  to  the 
back  surface  of  the  cell(s)  by  a  silicone 
adhesive. 

This  work  was  done  by  Henry  W. 
Brandhorst,  Jr.,  and  Irving  Weinberg  of  the 
Lewis  Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Lewis  Research  Center. 
Refer  to  LEW-14959/TN. 

Lewis  Research  Center 

Technology  Utilization 
Officer:  Daniel  G.  Soltis 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5567 
Patent  Counsel: 
Gene  E.  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 


Software  for  Calculating  Cooling  Pond  Performance 


A  software  program  was  designed  by  Fermilab  chief  mechanical  engineer,  Stephen  Krstulovich,  as  part  of  the  work 
done  on  the  Laboratory's  cooling  ponds.  The  software  package  consists  of  one  3.5"  floppy  Pond  System  Disk  and 
one  Pond  Manual  containing  operating  instructions,  documentation,  and  an  extended  applications  section.  The 
program  consists  of  Lotus  1-2-3  software  templates  built  up  from  dozens  of  macros  and  thousands  of  interactive 
formulas  used  to  generate  thermal  performance  profiles  for  the  evaluation  and  design  of  cooling  ponds,  pools,  and 
hydrothermal  heat  sources. 

The  program  addresses  both  ponds  where  influent  water  temperature  is  controlled  and  where  it  is  allowed  to  drift. 
Extended  applications  covered  in  the  manual  include  cascade  ponds,  rivers,  lakes,  and  pools.  The  system  offers  4 
basic  types  of  analysis:  daily  pond  equilibrium,  daily  pond  dynamic  performance  profile,  annual  pond  mean 
performance  profiles,  and  annual  pond  extreme  performance  profiles.  Pond  allows  the  user  to  input  variables  in 
order  to  estimate  design  performance  characteristics. 

In  addition  to  producing  textual  reports,  the  program  contains  many  easy  to  use  macro  routines  for  displaying  and 
printing  profile  graphs  for  six -point  thermal  analysis,  flow,  wind,  and  loading.  Pond  is  completely  menu  driven 
with  two  levels  of  input  options,  for  basic  and  more  advanced  users. 

The  program  was  written  for  the  IBM  Personal  Computer.  It  will  also  run  on  IBM  compatible  computers  and 
Compaq  computers.  A  licensing  opportunity  is  available  for  this  technology.  For  further  information,  contact  John 
Venard,  Licensing  Officer,  at  the  address  below. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.  Refer  to  FAA-528ATN. 
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0713  A  Disposable  Filter  to  Reduce  Diesel  Exhaust  Particulate  Emissions 

0714  User-Friendly  in  Situ  Copper  Oxide  Leach  Mining  Cost  Model 

071 5  New  Directory  of  Standards  Activities  Available 

071 6  High-Efficiency  Propulsor  for  Outboard  Engines 

0717  Crescent  Wing  Planforms  Reduce  Lift-Dependent  Drag — Optimization  of 
wing  designs  takes  a  tip  from  nature. 

071 8  Composite  Struts  Would  Damp  Vibrations — A  design  concept  takes 
advantage  of  the  anisotropy  of  fiber/matrix  laminates.  (Licensing 
Opportunity) 

0719  Effects  of  Molecular  Processes  on  Trim  Angles — Vibration  and 
dissociation  of  molecules  alter  aerodynamic  effects. 

0720  Calculating  Transient  Vibrations  of  Coupled  Substructures — Equations  of 
motion  of  each  substructure  are  solved  independently. 

0721  Calculation  of  Aeroelastic  Transients  using  Euler  Equations — 
Conforming  grids  facilitate  calculations  of  flows  about  changing  shapes. 

Software 

0722  Fatigue-Crack-Growth  Computer  Program — The  propagation  of  a  crack 
can  be  computed  from  any  of  several  mathematical  models. 

Testing  &  Instrumentation 

0723  New  Techniques  Advance  Technology  of  Tunnel  Detection 

0724  Device  Measures  Stability  of  Space  Optics 

0725  Shock-Test  Facility  Developed 

0726  Sensor  to  Measure  Fuel  Oil  Level  in  Storage  Tanks 

0727  Estimating  Liquid  and  Gas  Contents  in  a  Tank — Quantities  would  be 
inferred  from  temperatures  and  pressure  changes.  (Licensing 
Opportunity) 

0728  Vacuum  Chuck  Holds  Filter  Pad  for  Counting  Particles — The  chuck  is 
mounted  on  a  microscope  stage.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0712     Software  for  Calculating  Cooling  Pond  Performance 

0763     Computer-Assisted  Ground  Control  Management  System 

0770  Variable  Cycle  Engine 

0771  Transonic  Aeroelasticity  Analysis  for  Helicopter  Rotor  Blade — Two 
established  techniques  are  combined. 
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New  Technology  from  the 
0  U.S.  Bureau  of  Mines 


U.S.  Department  of  the  Interior 


A  Disposable  Filter  to  Reduce  Diesel  Exhaust 
Particulate  Emissions 


Objective 

Develop  a  safe,  efficient  filter  for  removing  diesel  par- 
ticulate matter  (soot)  from  the  exhaust  of  underground 
mining  machines  equipped  with  water  scrubbers. 

Approach 

The  Bureau  of  Mines  and  the  Donaldson  Company, 
Inc.,  jointly  developed  a  low-cost,  disposable,  pleated- 
media  filter  (PMF)  system.  The  system  is  intended  for 
use  on  Part  36  permissible  equipment  or  other  machines 
equipped  with  water  scrubbers.  The  PMF  is  installed 
downstream  of  the  water  scrubber  to  take  advantage  of  the 
cool  exhaust  produced  by  the  water  bath.  This  demonstra- 
tion system  was  tested  on  three  Jeffrey  4114  Ramcars  and 
a  Wagner  LST-5  scoop  at  Utah  Fuel  Company's  Skyline 
mine  near  Scofield,  Utah.  Figure  1  illustrates  a  clean  filter 
element  being  inserted  into  the  canister  on  the  Ramcar. 


UIATER     JACKETED 
MAN  I  FOLD 


Figure  1  .—A  clean  pleated-media  filter  element  being  replaced 
on  a  diesel-powered  coal  hauler. 

How  It  Works 


The  PMF  system  consists  of  a  water  trap,  an  optional 
over-pressure  relief  valve,  filter  canister,  and  PMF.  Under 
normal  operations  exhaust  from  a  vehicle  equipped  with  a 
water  scrubber  is  heavily  laden  with  water,  especially  on 
immediate  startup  of  the  engine.  The  water  trap  is  de- 
signed to  remove  most  of  the  water  droplets  from  the 
exhaust  before  they  enter  the  PMF,  thus  improving  PMF 


Figure  2.— Diagram  of  the  location  of  the  pleated-media  filter 
on  a  coal  hauler  with  a  break-out  sectional  view. 

performance.  The  over-pressure  valve  is  designed  to  limit 
the  exhaust  backpressure  by  venting  off  some  exhaust  gas 
before  the  filter.  It  is  attached  to  the  water  trap  upstream 
of  the  PMF.  Figure  2  illustrates  and  shows  a  break  out 
sectional  view  of  the  location  of  the  PMF  on  the  Ramcar. 
After  the  exhaust  exits  the  water  trap,  it  passes  through 
the  PMF.  The  Donaldson  Company  manufactures  the 
PMF,  which  is  quite  similar  to  intake  air  filters  used  on 
over-the-road  diesel  engines.  It  is  a  cone-shaped,  24-in- 
long  filter  with  270  two-inch  pleats,  and  is  constructed  of 
a  paper-like  material.  The  PMF  is  designed  to  have  a  fil- 
tration efficiency  of  99  pet  for  a  standard  road  dust.  How- 
ever, diesel  soot  is  much  smaller  in  size  than  road  dust  so 
the  filtration  efficiency  of  the  PMF  for  soot  is  slightly 
lower. 

Test  Results 

A  week-long  field  study  was  conducted  to  evaluate  the 
performance  of  the  PMF  system.    The  field  study  eval- 
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uated  the  effects  of  the  PMF  on  air  quality  in  an  under- 
ground coal  mine  using  diesel  haulage  on  a  continuous 
miner  section.  The  exhaust  systems  of  four  diesel 
machines,  including  three  Jeffrey  4114  Ram  cars  and  one 
Wagner  LST-5  scoop,  were  equipped  with  the  PMF  ex- 
haust control  system  for  four  of  the  five  days  of  testing. 
The  reduction  of  soot  was  measured  using  size-selective 
aerosol  sampling  by  inertial  impaction  followed  by  gravi- 
metric analysis.  These  measurements  determined  the  con- 
centration of  the  submicron  aerosol  fraction  which  is 
almost  entirely  composed  of  soot.  Samples  were  collected 
during  normal  production  shifts  in  the  ventilation  intake 
and  the  haulageway,  in  the  machine  operator  compart- 
ment, and  in  the  return  air.  Analysis  of  measurements 
indicate  that  diesel-generated  aerosol  was  reduced  on  the 
average  by  95  pet  ±  4  pet.  The  filters  tested  had  a  useful 
service  life  of  about  12  hours  and  cost  about  $50  each. 
Filter  life  may  be  extended  by  ensuring  proper  engine 
maintenance,  avoiding  unnecessary  engine  idling,  and  en- 
suring the  water  scrubber  functions  properly. 


For  More  Information 

Because  the  addition  of  the  PMF  system  may  affect  the 
performance  of  safety  systems  on  approved  machines, 
Mine  Safety  and  Health  Administration  (MSHA)  approval 
is  necessary.  Mine  equipment  manufacturers  can  apply  to 
the  MSHA  Approval  and  Certification  Center,  telephone 
(304)  547-0400,  requesting  approval  for  use  of  the  PMF  on 
new  or  existing  machines.  Mine  operators  can  likewise 
apply  for  a  field  modification  to  install  the  PMF  through 
the  Approval  &  Certification  Center  or  the  local  MSHA 
district  office. 


For  additional  detailed  information  on  the  design  and 
construction  of  the  PMF  system,  contact  the  principal 
investigator: 


Patent  Status 

The  United  States  Department  of  the  Interior  and  the 
Donaldson  Company,  Inc.,  are  applying  for  a  patent  on 
this  development. 


Mr.  Jeffrey  L.  Ambs 
U.S.  Bureau  of  Mines 
Twin  Cities  Research  Center 
5629  Minnehaha  Avenue  South 
Minneapolis,  Minnesota  55417-3099 
Telephone:  (612)  725-4765 
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New  Technology  from  the 
#  U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior 


User-Friendly  in  Situ  Copper  Oxide  Leach  Mining 
Cost  Model 


Objective 

Enable  prospective  in  situ  leach  mine  operators  to 
evaluate  the  economic  potential  of  an  ore  body  by  using 
a  user-friendly,  computerized  in  situ  copper  oxide  leach 
mining  cost  model. 

Background 

As  part  of  its  research  on  in  situ  leach  mining  tech- 
nology, the  Bureau  of  Mines  produced  a  5-volume  contract 
report  that  mining  companies  can  use  to  design  an  in  situ 
mining  operation  for  copper  oxide  deposits.  Written  for 
the  Bureau  by  the  Science  Applications  International 
Corporation  (SAIC)  in  1988,  the  generic  design  manual 
also  contains  a  computerized  cost  model  for  evaluating  the 
economic  feasibility  of  in  situ  leach  mining  for  any  spec- 
ific copper  oxide  deposit.  The  cost  model  is  to  be  used 
with  Volume  II  of  the  contract  report.  But  because  of 
certain  complexities  associated  with  running  it,  the  Bureau 
found  that  the  model  could  be  improved  by  making  it 
more  user  friendly. 


Approach 

The  approach  taken  by  Bureau  researchers  to  make  the 
original  model  more  user  friendly  was  to  incorporate  a 
HELP  function  to  define  input  parameters,  and  to  enable 
the  display  of  output  on  the  monitor.  An  accompanying 
handbook,  U.S.  Bureau  of  Mines  Information  Circular 
(IC)  9284,  contains  further  details  on  running  the  1990 
model. 

How  It  Works 

Even  though  the  new  computer  program  is  menu  driv- 
en, the  user  will  need  Bureau  IC  9284  to  run  the  progTam 
efficiently.  Volume  II  of  the  contract  report  is  still 
recommended  for  a  more  detailed  understanding  of  in  situ 
leach  mining  and  for  cost  model  insights. 

To  run  the  new  program,  the  user  responds  to  monitor 
prompts  with  keyboard  input.  A  tutorial  on  entering  input 
data  can  be  viewed  at  the  initial  screen  prompt.  Next, 
the  input  phase  provides  the  input  parameters  with  their 
default  values.  These  parameters  are  grouped  into  various 
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categories:  (1)  business-related  variables,  (2)  site-specific 
ore  body  and  well-field  characteristics,  (3)  copper  leaching, 
(4)  program  control,  (5)  well-system  specifications  and 
costs,  (6)  surface-plant  specifications  and  costs,  and  (7) 
environmental  costs.  The  user  may. change  the  value  of 
any  of  the  parameters.  The  HELP  function  allows  the 
user  to  see  the  definition  and  the  data  range  or  default 
value  for  a  particular  parameter. 

An  executable  Fortran  77  program  performs  the  cal- 
culations.     The  following  outputs  are   then  displayed: 

(1)  design  variable  values  and  capital  and  operating  costs, 

(2)  pre-tax  calculated  selling  price  of  cathode  copper  for 
a  given  discounted-cash-flow  rate  of  return  (DCFROR)  or 
vice  versa,  (3)  discounted  initial  value  of  investment, 
(4)  annual  operating  costs,  and  (5)  DCFROR  cash  flow 
table.    This  information  may  also  be  printed  out. 


For  More  Information 

A  copy  of  the  1990  cost  model  program  on  a  floppy 
diskette  may  be  obtained  by  contacting  the  Deputy  Re- 
search Director,  Twin  Cities  Research  Center,  U.S.  Bu- 
reau of  Mines,  5629  Minnehaha  Avenue,  South,  Minne- 
apolis, MN  55417.  Requests  for  this  program  should 
include  a  double-sided,  double-density  5- 1/4- in  or  3-1/2-in 
blank  floppy  diskette  (formatted)  for  MS  DOS  and  a 
return  address  label. 


U.S.  Bureau  of  Mines  IC  9284,  "User's  Manual  for  the 
U.S.  Bureau  of  Mines  In  Situ  Copper  Oxide  Mining  Cost 
Model,"  by  J.  M.  Pugliese  and  O.  M.  Peterson,  should  be 
used  with  the  1990  version  of  the  computer  program. 
This  handbook  describes  the  files,  tutorial,  input  phase, 
help  function,  and  monitor-display  of  all  calculated  values 
and  of  the  DCFROR  cash  flow  table.  A  free  single  copy 
may  be  obtained  by  writing  the  Bureau's  Publication  Dis- 
tribution Section,  Bldg.  149,  Cochrans  Mill  Road,  P.O.  Box 
18070,  Pittsburgh,  PA  15236.  (A  limited  number  of  cop- 
ies are  available  from  the  IC's  authors  at  the  Bureau's 
Twin  Cities  Research  Center  at  the  address  previously 
mentioned.) 

The  5-volume  SAIC  contract  final  report  is  sold  by  the 
National  Technical  Information  Service  (NTIS),  5285  Port 
Royal  Road,  Springfield,  VA  22161.  Each  volume  may  be 
ordered  separately.  The  second  volume  may  be  ordered 
at  the  price  noted. 

Volume  II:  Draft  Generic  In  Situ  Copper  Mine 
Design  Manual.  NTIS  No.  PB  89-148225/AS,  $45.00 
for  paper,  $8.00  for  microfiche. 

Additional  technical  information  is  available  from 
Joseph  M.  Pugliese  (612/725-4569)  or  Orin  M.  Peterson 
(612/725-4548),  Twin  Cities  Research  Center,  U.S.  Bureau 
of  Mines,  Minneapolis,  MN  55417. 


NIST  Technology  Update 

w  National  Institute  of  Standards  &  Technology 


Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Directory  of  Standards  Activities  Available 


Standardization  Activities  of  Organizations  in  the  United  States  (SP  806)  summarizes  the  standards  activities  of  more 
than  750  organizations  in  the  United  States,  including  federal  agencies  and  approximately  425  private-sector  groups. 
The  largest  section  contains  an  alphabetical  listing  of  637  non-government  organizations  that  develop  standards  or 
contribute  to  the  standardization  process  by  working  with  other  organizations,  or  are  sources  of  documents  and 
information.  The  format  provides  quick  access  to  information  on  the  type  of  organization,  scope  of  activities,  whether 
standards  are  voluntary  or  mandatory,  availability,  and  key  words.  Entries  for  77  federal  agencies,  departments,  and 
other  organizational  components  that  develop  standards  are  included,  as  well  as  a  section  on  sources  for  information,  a 
subject  index,  acronyms  and  initials,  former  names  of  some  organizations,  and  names  of  those  in  a  previous  directory 
no  longer  involved  with  standards. 

FOR  ADDITIONAL  INFORMATION:  Available  from  the  Superintendent  of  Documents,  U.S.  Government  Printing 
Office,  Washington,  D.C.  20402.  Order  by  stock  no.  003-003-03070-8  for  $31  prepaid  ($38.75  foreign).  Media 
Contact:  Roger  Rensberger,  (301)975-2762. 
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High-Efficiency  Propulsor  for  Outboard  Engines 


Figure  2.  High-efficiency  propulsor 


An  improved  propulsor  for 
outboard  motors  (Figure  2)  has 
resulted  from  marine-propulsion 
research  conducted  under  the 
sponsorship  of  the  Naval  Sea 
Systems  Command  (NAVSEA), 
Washington,  D.C.  Vanes  are 
mounted  upstream  of  conventional 
propeller  blades  to  create  a  swirl  in 
the  fluid  flowing  toward  the 
blades.  This  swirl  is  counter  to  the 
swirl  produced  by  rotation  of  the 
propeller.  The  vanes  are  applied 
only  to  a  180-degree  sector  of  the 
inflow  to  the  propeller. 


The  result  is  an  essentially 
swirl-free  discharge  jet  from  the 
propeller,  significantly  reduced 
power  losses,  and  increased  fuel 
efficiency. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160102/TN 
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Crescent  Wing  Planforms  Reduce  Lift-Dependent  Drag 

Optimization  of  wing  designs  takes  a  tip  from  nature. 


A  new  understanding  of  optimization  of 
the  design  of  a  wing  to  minimize  induced 
drag  has  been  developed  by  use  of  compu- 
tational methods  that  account  properly  for 
the  nonlinear  effects  of  the  deflected  wake, 
the  nonplanar  shape  of  the  wing,  and  the 
vortex  rollup.  According  to  classical  linear 
aerodynamic  theory,  an  elliptically  loaded 
wing  has  the  minimum  induced  drag.  The 
results  of  a  new  nonlinear  analysis,  how- 
ever, indicate  that  even  lower  levels  of  in- 
duced drag  are  possible  with  crescent 
wings  (see  figure). 

The  new  work  includes  computations 
and  experimental  evaluations  of  wings  with 
sheared  tips  and  crescent  planforms.  The 
sheared  tip  is  a  highly  swept  and  highly 
tapered  surface  located  in  the  same  plane 
as  that  of  the  inboard  wing  panel  to  which  it 
is  attached.  The  crescent  planforms  are 


Direction  of 
Motion  of 
Airplane 


Wings  That  Have  Crescent  Shapes  like 
these  generate  less  induced  drag  than 
do  wings  that  have  conventional  tips. 

lunate  shapes  like  some  found  in  nature, 
similar  to  certain  bird  wings  and  fish  fins. 
Theoretical  and  experimental  analyses  of 


these  shapes  reveal  superior  aerodynamic 
efficiency  (lower  induced  drag)  and  im- 
proved high-angle-of-attack  characteris- 
tics when  compared  to  classical  elliptical 
wing  planforms. 

A  sheared  tip  installed  on  a  straight  wing 
is  a  first  approximation  of  a  crescent  plan- 
form,  in  that  the  lifting  line  is  curved  in  the 
plane  of  the  chord  of  the  wing.  Wind-tunnel 
tests  were  made,  and  the  results  com- 
pared to  nonlinear  theoretical  predictions. 
The  induced  drag  was  found  to  be  reduced 
significantly  below  that  of  conventional 
wingtips. 

This  work  was  done  by  Bruce  J. 
Holmes  of  Langley  Research  Center, 
Paul  M.H.W.  Vijgen  of  High  Technology 
Corp.,  and  C.P  vanDam  of  the  University 
of  California,  Davis. 
LAR-14015/TN 
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Composite  Struts  Would  Damp  Vibrations 

A  design  concept  takes  advantage  of  the  anisotropy  of  fiber/matrix  laminates. 


A  new  design  of  composite-material  (fi- 
ber/matrix laminate)  struts  would  increase 
the  damping  of  longitudinal  vibrations  with- 
out decreasing  longitudinal  stiffness  or  in- 
creasing weight  significantly.  A  composite 
strut  of  the  proposed  type  is  expected  to 
be  stronger  than  is  an  aluminum  strut  of 
the  same  weight  and  stiffness.  Computer 
simulations  of  the  dynamic  behaviors  of 
representative  designs  show  that  damp- 
ing factors  of  10  to  30  percent  should  be 
achievable. 

According  to  one  simple  design,  a  strut 
would  include  a  cylindrical  layer  of  viscoe- 
lastic  material  between  an  inner  cylindrical 
composite  layer  in  which  the  fibers  are  laid 
out  in  a  chevron  pattern  and  a  similar  outer 
layer  with  the  opposing  chevron  pattern 
(see  figure).  In  a  more  elaborate  version, 
there  could  be  several  different  layers, 
some  with  unidirectional  and  some  with 
chevron  patterns;  there  could  be  more  than 
one  viscoelastic  layer;  and/or  the  visco- 
elastic  layer(s)  could  also  be  reinforced  with 
fibers.  Typical  orientations  of  fibers  in  the 
chevron  patterns  would  be  of  the  order  of 
±15°  with  respect  to  the  cylindrical  axis. 

The  principle  of  operation  is  based  on 
the  anisotropic  mechanical  properties  of 
the  matrix/fiber  layers.  At  any  given  loca- 
tion along  the  axis  of  the  strut,  a  longitudi- 
nal (axial)  tension  or  compression  load 
would  cause  the  inner  chevron  ply  to  twist 
about  the  axis  in  one  direction  and  the 
outer,  opposing-chevron  ply  to  twist  in  the 
other  direction.  The  opposing  twists  would 
give  rise  to  a  shear  stress  across  the  vis- 
coelastic layer.  Although  such  interlaminar 
shear  stress  is  disadvantageous  in  many 
other  structural  applications,  in  this  applica- 
tion it  would  be  turned  to  advantage  in  that 
the  stresses  and  energies  of  longitudinal 
vibrations  would  be  channeled  into  the  vis- 


Ouler  Fiber/ 
Matrix  Ply 


Fiber  Orientation 
in  the  Ply 


nner  Fiber/ 
Matrix  Ply 


Plies  With  Opposing  Chevron  Patterns  of 

fibers  would  convert  longitudinal  vibrational 
stresses  into  shear  stresses  in  an  interme- 
diate viscoelastic  layer,  which  would  dissi- 
pate the  vibrational  energy. 

coelastic  layer,  where  they  would  be  dissi- 
pated. Because  the  twisting/damping  would 
occur  all  along  the  length  of  the  strut,  the 
overall  amount  of  damping  would  increase 
with  length  —  a  distinct  advantage  over 
struts  of  conventional  design,  in  which 
damping  does  not  increase  appreciably 
with  length. 


The  chevron-pattern  layers  could  be 
made  in  several  different  ways.  Even  now, 
fabric  layers  preimpregnated  with  epoxy 
resins  (prepregs)  are  sometimes  distorted 
unintentionally  into  chevron  patterns  be- 
cause of  misalignment  of  equipment  dur- 
ing impregnation  processes,  and  it  should 
be  relatively  easy  to  exploit  this  phenom- 
enon. Alternatively,  prepregs  containing 
unidirectional  fibers  could  be  heated  and 
stretched  into  the  chevron  configurations. 
In  yet  another  approach,  almost  any  hot- 
melt  filament  winder  could  produce  a  chev- 
ron pattern  if  the  epoxy  resin  were  tacky 
enough. 

This  work  was  done  by  Benjamin  P. 
Dolgin  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NP0-17914/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Effects  of  Molecular 
Processes  on  Trim  Angles 

Vibration  and  dissociation 
of  molecules  alter 
aerodynamic  effects. 

A  report  discusses  preliminary  calcula- 
tions of  the  effects  of  vibrational  excitation 
and  dissociation  of  air  molecules  on  the 
trim  angle  of  attack  on  a  blunt  body  flying 
at  suborbital  speed.  (The  trim  angle  of  at- 
tack is  the  angle  of  attack  that  the  body 
assumes,  in  the  absence  of  deliberate  cor- 
rective measures,  by  virtue  of  equilibrium 
among  the  aerodynamic  torques  acting  on 
it.)  The  work  described  in  the  report  is  in- 
tended as  a  study  of  the  feasibility  and  utility 
of  such  calculations,  motivated  by  the  fact 
that  the  trim  angle  of  attack  at  suborbital 
and  higher  speeds  is  an  important  aerody- 
namic parameter  for  spacecraft  reenter- 
ing the  atmosphere  and  for  future  hyper- 
sonic aerospace  vehicles. 

The  need  for  this  study  arises  because 
effects  not  seen  at  lower  speeds  become 
increasingly  important  as  speeds  rise  into 
the  suborbital  range.  Vibrational  and  elec- 
tronic excitation,  dissociation,  and  ioniza- 
tion processes  absorb  energy  and  thereby 
cause  the  temperature  to  be  lower  than  in 
a  perfect  gas.  The  decrease  in  temperature 
contributes  to  and  accompanies  an  in- 
crease in  density.  The  increase  in  density 
in  turn  causes  the  shock  layers  around  a 
hypersonic  vehicle  to  be  thinner  than  in  a 
perfect  gas.  A  thinner  shock  layer  causes 
the  shock  angle  to  be  smaller  than  in  a  per- 
fect gas.  This  leads  to  a  change  in  the  dis- 
tribution of  pressure  over  the  body,  resulting 


in  changes  in  lift  and  drag.  The  changes 
in  lift  and  drag  are  usually  small.  However, 
substantial  changes  occur  in  the  pitching 
moment  around  the  center  of  gravity  of  the 
body,  causing  the  trim  angle  of  attack  to 
change  appreciably.  As  the  trim  angle  of 
attack  changes,  the  flight  characteristics 
of  the  body  also  change. 

To  start  with  a  relatively  simple  problem, 
this  study  limits  itself  to  speeds  <  8  km/s, 
at  which  ionization  phenomena  are  weak 
and,  consequently,  the  changes  in  aerody- 
namic characteristics  can  be  calculated 
by  accounting  only  for  vibrational  excita- 
tion and  dissociation.  For  this  reason,  air 
is  assumed  in  this  study  to  consist  only  of 
the  neutral  species  (0,  N,  NO,  02,  and  N2), 
Because  vibrational  and  electronic  excita- 
tions contribute  significantly  to  the  change 
in  density  and  tend  to  be  in  nonequilibrium 
states,  they  are  calculated  independently. 
The  energies  of  these  excitations  are  as- 
sumed to  be  characterized  by  a  single  tem- 
perature Tv,  which  can  be  different  from 
the  translational/rotational  temperature  T. 
The  nonequilibrium  vibrational/electronic 
temperature  Tv  and  the  concentration  of 
the  gas  species  are  determined  by  inte- 
grating the  rate  equations  simultaneously 
with  the  equations  of  flow. 

The  resulting  two-temperature  mathe- 
matical model  of  nonequilibrium  thermo- 
chemistry is  incorporated  into  the  previous- 


ly developed  perfect-gas  computer  code 
CENS2D  (Compressible-Euler-Navier- 
Stokes  Two  Dimensional).  The  resulting 
code,  tentatively  named  CENS2H  (where 
H  signifies  hypersonic),  is  applied  to  a  flow 
around  a  two-dimensional  body  that  has 
the  same  profile  as  that  of  the  Apollo  Com- 
mand Module.  The  solutions  are  obtained 
for  the  forebody  shock  layer.  The  lift,  drac 
pitching  moment,  and  trim  angle  of  attac 
are  calculated  from  the  computed  distribL 
tion  of  pressure.  The  results  show  that  the 
trim  angle  of  attack  changes  on  account 
of  the  high-temperature  real-gas  effects. 
The  magnitude  of  the  shift  in  the  trim  angle 
of  attack  is  of  the  same  order  as  that  ob- 
served during  the  flights  of  the  Apollo  vehi- 
cles. 

This  work  was  done  by  Chul  Park  of 
Ames  Research  Center  and  Seokkwan 
Yoon  of  MCAT  Institute.  Further  informa- 
tion may  be  found  in  AIAA  paper  89A- 
2844  7,  '  'Calculation  of  Real-Gas  Effects  on 
Blunt-Body  Trim  Angles." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No.  (212) 
247-6500. 
ARC-12566/TN 
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Calculating  Transient  Vibrations  of  Coupled  Substructures 

Equations  of  motion  of  each  substructure  are  solved  independently. 


A  finite-element,  numerical-integration 
method  for  estimating  the  transient  vibra- 
tional response  of  a  structure  composed 
of  coupled  substructures  entails  less  com- 
putation than  has  been  needed  in  previous 
methods.  The  method  is  applicable  to  any 
number  and  configuration  of  linearly  re- 
sponding substructures  and  to  both  deter- 
minate and  indeterminate  boundary  con- 
ditions at  interfaces  between  substructures. 
With  little  or  no  additional  difficulty,  the 
method  is  also  applicable  to  changing  in- 
terface boundary  conditions. 

In  a  typical  vibrational-response  prob- 
lem, a  structure  can  have  several  thou- 
sand degrees  of  freedom,  and  it  is  imprac- 
tical to  solve  the  thousands  of  equations 
of  motion  by  direct  numerical  integration. 
Heretofore,  the  standard  procedure  to  over- 
come this  obstacle  has  involved  the  follow- 
ing procedure:  First,  one  computes  the  vi- 
brational modes  and  frequencies  of  the 
entire  structure  by  solving  an  eigenvalue 
problem  (this  is  still  a  major  problem).  The 
modes  are  then  used  to  transform  from 
the  original  discrete  physical  coordinates 
to  new  modal  coordinates.  Next,  in  an  ap- 
proximation, the  number  of  equations  is 
reduced  by  truncating  the  modal  coor- 
dinates of  higher  frequency  without  sig- 
nificantly reducing  the  accuracy  of  the 
results.  One  can  then  make  a  transforma- 
tion to  a  set  of  uncoupled  equations  that 
can  be  solved  easily  on  present  comput- 
ers. 

In  the  present  method,  one  does  not  at- 
tempt to  solve  the  complete  set  of  cou- 
pled equations  for  the  entire  structure.  In- 
stead, among  other  things,  one  solves  the 
equations  of  motion  for  each  substructure 
independently.  The  interface  forces  be- 
tween the  substructures  are  approximated 
by  third-order  power  series  in  time.  At  each 
time  step  of  the  numerical  integration,  the 
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The  Responses  of  Substructures  to  ex- 
ternal forces  and  to  the  forces  of  inter- 
action between  substructures  are  com- 
puted in  the  present  vibration-analysis 
method.  In  previous  methods,  the  re- 
sponse of  the  entire  structure  (requiring 
many  more  equations)  was  computed. 

solution  to  the  equations  of  motion  of  each 
substructure  is  calculated  with  all  exter- 
nally applied  forces,  including  the  interface 
forces  (see  figure),  which  involve  the  in- 
itially unknown  coefficients  of  the  third- 
order  power  series  in  time.  These  coeffi- 
cients are  evaluated  at  the  end  of  each 
time  step  by  enforcing  the  compatibility  of 
displacements,  velocities,  and  accelera- 
tions at  the  interfaces;  this  can  be  done 
by  simple  matrix  multiplication  and  is  easi- 
ly accomplished  on  a  computer.  Once  the 
coefficients  are  known,  the  interface 
forces  and  the  vibrational  response  at  the 
end  of  each  time  step  can  be  computed. 


The  procedure  is  repeated  for  as  many 
time  steps  as  necessary  to  span  the  time 
of  interest.  The  method  is  approximate  in 
that  interfacial  compatibility  is  enforced  on- 
ly at  the  ends  of  the  time  steps  rather  than 
continuously.  Therefore,  as  in  most  numeri- 
cal-integration methods,  smaller  time  steps 
yield  more-accurate  results. 

Because  the  interfacial  compatibility  is 
maintained  by  use  of  an  interface-com- 
patibility-coefficient matrix,  the  method  is 
especially  suited  for  use  where  interface 
boundary  conditions  change  with  time:  the 
matrix  is  simply  changed  or  regenerated 
to  reflect  changes  in  the  boundary  condi- 
tions between  substructures  or  a  cnange 
in  the  size  of  the  time  step.  Conversely, 
when  no  such  change  is  required,  there 
is  no  need  to  recompute  this  matrix.  One 
example  of  changing  boundary  conditions 
is  provided  by  slip/stick  motion  caused  ( 
by  friction  at  an  interface  between  sub- 
structures. In  this  case,  one  would  have 
to  monitor  the  interface  forces  to  deter- 
mine whether  the  interface  is  slipping  or 
sticking  and  modify  the  interface-compati- 
bility-coefficient matrix  to  reflect  the  new 
conditions  whenever  one  detected  a  tran- 
sition between  sticking  and  slipping. 

This  work  was  done  by  J.  R.  Admire  and 
J.  A.  Brunty  of  Marshall  Space  Flight 
Center.  Further  information  may  be  found 
in  NASA  TP-2926  [N90-13444],  "A  Transient 
Response  Method  for  Linear  Coupled 
Substructures." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
MFS-28477/TN 
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Calculation  of  Aeroelastic  Transients  Using  Euler  Equations 

Conforming  grids  facilitate  calculations  of  flows  about  changing  shapes. 


A  method  for  the  calculation  of  transient 
aeroelastic  effects  on  airplane  wings  is 
based  on  the  Euler  equations  of  flow. 
Aeroelasticity  plays  an  increasingly  impor- 
tant role  in  the  design  of  modern  aircraft, 
which  tend  to  be  flexible  for  high  maneu- 
verability. Because  wind-tunnel  experi- 
ments in  aeroelasticity  are  much  more  ex- 
pensive than  are  experiments  that  involve 
only  flows  about  rigid  models,  the  advance- 
ment of  the  capability  to  compute  aero- 
elastic effects  can  reduce  considerably 
the  cost  of  developing  an  aircraft. 

In  establishing  the  mathematical  foun- 
dation for  the  new  method,  the  Euler  equa- 
tions of  flow  are  formulated  in  strong- 
conservation-law  form  to  provide  for  the 
numerical  capturing  of  shocks.  To  en- 
hance numerical  accuracy  and  handle 
boundary  conditions  more  easily,  the  Euler 
equations  are  transformed  to  general  cur- 
vilinear coordinates.  The  governing  equa- 
tions of  aeroelastic  motion  of  a  flexible 
wing  are  obtained  via  the  Rayleigh-Ritz 
method,  in  which  the  aeroelastic  displace- 
ments are  approximated  by  a  finite  set  of 
assumed  modes.  The  contribution  of  each 
mode  to  the  total  motion  is  derived  by 
Lagrange's  equation.  Furthermore,  it  is 
assumed  that  the  deformation  of  the  con- 
tinuous wing  structure  can  be  represented 
by  deflections  at  a  set  of  discrete  points. 
This  assumption  facilitates  the  use  of 
discrete  structural  data,  such  as  the  modal 


UNDEFORMED 


The  Computational  Grid  changes  to  conform  to  the  surface  of  the  wing  as  the  wing  deforms  in 
a  pitching  motion,  as  shown  in  this  cross  section  viewed  along  a  wing. 


stiffness  matrix  and  the  modal  mass  ma- 
trix. These  data  can  be  generated  by  a 
finite-element  analysis  or  from  experimen- 
tal influence-coefficient  measurements. 

The  procedure  for  the  solution  of  the 
equations  of  flow  is  based  on  the  implicit 
diagonal  algorithm,  which  in  turn  is  based 
on  a  finite-difference  scheme  suitable  for 
time-accurate  computations  on  dynamic 
grids.  The  coupled  flow  and  modal  struc- 
tural equations  of  motion  are  solved  by  use 
of  a  simultaneous-integration  technique 
based  on  the  linear-acceleration  tech- 
nique. Dynamic  grids  that  adapt  to  the  de- 
forming shapes  of  the  wing  (see  figure)  are 
generated  by  an  algebraic  grid-generation 
scheme. 

The  method  was  used  to  predict  the  un- 
steady flows  about  a  semi-infinite  rectan- 


gular wing  oscillating  in  a  pitching  mode 
and  about  a  wall-mounted  cantilever  rec- 
tangular wing  oscillating  in  the  first  bending 
mode.  Aeroelastic  responses  were  com- 
puted by  use  of  modal  data  generated  by 
the  finite-element  method.  The  predictions 
agreed  well  with  experimental  data. 

This  work  was  done  by  Guru  P. 
Guruswamy  for  Ames  Research  Center 
Further  information  may  be  found  in  AIAA 
paper  A88-33775,  "Time-Accurate  Un- 
steady Aerodynamic  and  Aeroelastic  Cal- 
culations of  Wings  Using  Euler  Equations." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Services  Library,  555  West  57th  Street, 
New  York,  New  York  10019,  Telephone 
No.  (212)247-6500. 
ARC-12351/TN 
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Fatigue-Crack-Growth 
Computer  Program 

The  propagation  of  a  crack 
can  be  computed  from  any  of 
several  mathematical  models. 

Flaws  and  cracks  in  structures  may 
grow  under  loads  that  induce  fatigue  and, 
upon  reaching  critical  sizes,  can  cause  the 
structures  to  fail.  The  growth  of  these  flaws 
and  cracks  can  occur  at  load  levels  well 
below  the  ultimate  load-bearing  capabili- 
ties of  the  structures.  The  Fatigue  Crack 
Growth  (NASA/FLAGRO)  computer  pro- 
gram was  developed  as  an  aid  in  predict- 
ing the  growth  of  preexisting  flaws  and 
cracks  in  structural  components  of  space 
systems.  The  earlier  version  of  the  pro- 
gram, FLAGR04,  was  the  primary  soft- 
ware tool  used  by  Rockwell  International 
and  the  Shuttle  subcontractors  for  fracture- 
control  analysis  of  the  Space  Shuttle. 

NASA/FLAGRO  is  an  enhanced  version 
of  FLAGR04  and  incorporates  state-of-the- 
art  improvements  in  both  fracture  me- 
chanics and  computer  technology.  NASA/ 
FLAGRO  provides  the  fracture-mechanics 
analyst  with  a  computerized  method  of 
evaluating  the  "safe-crack-growth-life"  cap- 
abilities of  structural  components.  NASA/ 
FLAGRO  could  also  be  used  to  evaluate 
the  tolerance  to  damage  of  a  structure  ol 
given  design. 

The  propagation  of  an  existing  crack  is 
governed  by  the  stress  field  in  the  vicinity 
of  the  tip  of  the  crack.  The  stress-intensity 
factor  is  defined  in  terms  of  the  relation- 
ship between  the  magnitude  of  the  stress 
field  and  the  size  of  the  crack.  The  propa- 
gation of  the  crack  becomes  catastrophic 
when  the  local  stress-intensity  factor  reach- 
es the  fracture  toughness  of  the  material. 
NASA/FLAGRO  implements  a  two-di- 
mensional mathematical  model  that  pre- 


dicts the  growth  of  a  crack  independently 
in  two  directions  on  the  basis  of  the  calcula- 
tion of  stress-intensity  factors.  The  analyst 
can  choose  to  use  either  a  crack-growth- 
rate  equation  or  a  nonlinear  interpolation 
routine  based  on  tabular  data.  The  growth- 
rate  equation  is  a  modified  Forman  equa- 
tion that  can  be  converted  to  a  Paris  or 
Walker  equation  by  substituting  different 
values  into  the  exponent.  This  equation  pro- 
vides accuracy  and  versatility  and  can  be 
fitted  to  data  using  standard  least-squares 
methods.  Numerical  values  of  stress-in- 
tensity factors  can  be  computed  for  mak- 
ing comparisons  or  verifying  solutions. 
NASA/FLAGRO  can  check  for  failure  of  a 
part-through  crack  in  the  mode  of  a  through 
crack  when  net  ligament  vieldina  occurs. 
NASA/FLAGRO  contains  a  number  of 
special  subroutines  and  files  that  provide 
enhanced  capabilities  and  easy  entry  of 
data.  These  include  solutions  for  cracks  in 
specific  cases,  cyclic  load  spectra,  sizes 
of  initial  flaws  in  nondestructive  examina- 
tion, interpolation  in  tables,  and  properties 
of  materials.  The  files  that  contain  data  on 
the  properties  of  materials  are  divided  into 
two  types:  one  defined  by  the  user  and  one 
fixed.  Data  are  entered  and  stored  in  the 
file  defined  by  the  user  during  execution  of 
the  program,  while  the  fixed  file  contains 
data  on  the  values  of  properties  of  many 
different  materials  that  have  already  been 
encoded.  Input  prompted  by  displays  on 
cathode-ray-tube  terminals  consists  of  in- 
itial definition  of  the  crack  (the  crack  can 
be  defined  automatically),  type  of  rate  solu- 
tion, type  and  geometry  of  flaw,  properties 


of  the  material  (if  they  are  not  in  the  built-in 
tables  of  data),  load-spectrum  data  (if  not 
included  in  the  file  of  load  spectra),  and 
design-limit  levels  of  stress.  The  output  of 
NASA/FLAGRO  includes  an  echo  of  the  in- 
put with  any  error  or  warning  messages, 
the  final  size  of  the  crack,  whether  or  not 
the  critical  size  of  the  crack  has  been 
reached  for  the  specified  level  of  stress, 
and  a  profile  that  gives  the  history  of  the 
propagation  of  the  crack. 

NASA/FLAGRO  is  designed  to  be  modu- 
lar to  facilitate  revisions  and  operation  on 
minicomputers.  The  program  was  imple- 
mented on  a  DEC  VAX  11/780  computer 
with  the  VMS  operating  system.  NASA/ 
FLAGRO  is  written  in  FORTRAN  77  and  re- 
quires a  memory  of  1.4  MB.  The  program 
was  developed  in  1986. 

This  program  was  written  by  Royce  G. 
Forman  of  Johnson  Space  Center.  V 
Shivakumar  of  Lockheed  Engineering  & 
Science  Co.,  and  James  C.  Newman,  Jr., 
of  Langley  Research  Center. 
MSC-21669/TN 
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Technology  Application 


Sandia  National  Laboratory 

New  Techniques  Advance  Technology  of  Tunnel 
Detection 


Using  electromagnetic  (EM)  fields  and  imaging  tech- 
niques similar  to  those  used  in  medicine,  engineers  at 
Sandia  National  Laboratories  have  devised  new  meth- 
ods to  aid  in  the  difficult  task  of  detecting  covert  tunnels 
and  abandoned  mineshafts. 

Combining  the  new  techniques  with  existing  meth- 
ods should  greatly  improve  detection  accuracy,  which  is 
often  hampered  by  the  presence  of  mineral  deposits  and 
the  variety  of  subterranean  rock  and  sediment  in  which 
tunnels  can  be  located.  The  techniques  can  be  used  to 
locate  covert  tunnels  such  as  those  used  in  drug- 
smuggling,  prison  breaks,  or  military  operations,  and  to 
locate  abandoned  underground  passageways  prior  to 
building  construction. 

"These  methods  add  one  more  bullet  to  the  arsenal 
of  tunnel  detection  techniques,"  says  Robert  Wayland  of 
Sandia's  System  Research  Division.  "There  is  no  single 
technique  that  will  yield  an  unambiguous  signature 
indicating  the  presence  of  a  tunnel." 

A  spinoff  of  earlier,  efforts  to  locate  and  map  oil  and 
gas  reserves,  one  new  technique  records  and  the  charac- 
terizes the  way  EM  signals  travel  through  rock  and 
sediment.  A  void,  such  as  a  tunnel,  or  a  conductor,  such 
as  the  metal  cables  or  rails  usually  found  in  passageways, 
causes  the  signals  to  "scatter"  or  ricochet  in  random 
directions  and  frequencies  that  can  be  recorded  and 
measured.  In  the  absence  of  a  tunnel,  the  EM  waves  tend 
to  travel  through  the  ground  in  a  uniform  manner. 

Evaluated  in  Colorado,  Arizona 

By  using  lower  frequency  EM  signals  than  have  been 
used  in  other  detection  methods,  Sandia  researchers 
have  been  able  to  reduce  the  incidence  of  false  signals, 
which  can  be  triggered  by  mineral  deposits  and  other 
naturally  occurring  materials.  Low  frequencies — in  this 
case,  between  128  hertz  and  9216  hertz — are  also  more 
effective  because  they  can  travel  longer  distances  under- 
ground, Wayland  says. 

The  technique  was  evaluated  at  two  test  facilities. 
The  first  test  was  conducted  in  July  1989  at  the  Colo- 
rado School  of  Mines  Tunnel  Detection  Test  Facility  in 
a  historic  gold  mining  district  in  Idaho  Springs,  Colo. 

Other  tests  took  place  at  the  San  Xavior  Mine 
Facility  near  Tucson,  Ariz.,  in  July  1990  and  April  1990. 

The  Colorado  School  of  Mines  facility  includes  an 
abandoned  mineshaft  and  a  number  of  boreholes  in  the 


vicinity  of  the  tunnel.  The  mineshaft  is  275  meters  long, 
three  meters  high  and  varies  from  1.8  to  3.6  meters  in 
width.  The  roof  of  the  tunnel  is  partially  lined  with  a 
20-meter  section  of  galvanized  steel  mesh.  Boreholes  are 
21  centimeters  in  diameter  and  85  meters  deep. 

Two  boreholes  located  on  either  side  of  the  mineshaft 
were  used  in  the  experiments.  One  set  of  experiments 
used  a  surface  line  current  as  an  EM  source;  another  set 
used  a  vertical  dipole  configured  for  borehole  use. 

Sensors  used  to  measure  the  magnetic  and  electric 
components  of  the  EM  fields  included  a  three-axis 
magnetic  field  sensor  (magnetometer)  and  a  downhole 
electric  field  sensor.  Signals  from  the  borehole  sensors 
were  processed  by  a  receiver  located  on  the  surface. 

The  surface  dipole  source  was  located  85  meters 
from  the  boreholes.  Four  tests  were  conducted  with  the 
surface  source  in  which  the  magnetometer  and  vertical 
electric  field  sensors  were  placed  alternately  in  the  two 
boreholes.  Three  other  tests  were  made  with  a  borehole 
source  and  the  magnetometer  in  the  borehole  on  the 
other  side  of  the  tunnel.  A  vertical  electric  dipole  con- 
figured for  borehole  use  served  as  the  EM  source  for  the 
crosshole  experiments.  Sandia  researchers  found  that 
the  horizontal  magnetic  field  components  were  best  used 
to  locate  random  mineral  deposits  while  vertical  mag- 
netic fields  were  best  used  to  detect  distinctive  horizon- 
tally oriented  conductors  such  as  steel  mesh,  cables  or 
rails.  Most  tunnels  contain  a  certain  amount  of  metal  for 
use  in  transportation,  communication  or  support 
systems. 

The  tests  indicated  the  presence  of  the  tunnel  de- 
spite the  area's  complex  geology.  The  strongest  indica- 
tion of  a  tunnel  is  achieved  when  the  receiver  was 
located  between  the  tunnel  and  the  transmitter,  causing 
strong  magnetic  field  scattering. 

Similar  experiments  were  carried  out  at  the  aban- 
doned San  Xavior  mine  owned  by  the  University  of 
Arizona.  The  experiment  was  conducted  using  cross- 
hole  EM  tomography  and  a  surface  line  current  source 
and  a  surface  current  loop  source  with  borehole  EM 
measurements.  The  techniques  were  effective  with  a 
"bare"  tunnel — one  that  did  not  contain  any  metal 
conductors — and  a  tunnel  containing  a  small  amount  of 
conducting  material,  in  this  case,  150  meters  of  14-guage 
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copper  wire. 

While  the  techniques  are  capable  of  detecting  "bare" 
tunnels,  they  are  most  effective  in  detecting  tunnels  that 
contain  metal  of  some  type,  such  as  rails,  power  lines  or 
rebar,  Wayland  says.  Further  research  will  look  into 
the  effect  of  sensor  distance  from  the  tunnel  on  detec- 
tion techniques.  Technical  contacts:  Robert  Wayland, 
505-846-0115,  or  David  Lee,  505-844-6872.  □ 
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Device  Measures  Stability  of  Space  Optics 


Researchers  at  the  Naval 
Research  Laboratory  (NRL), 
Washington,  D.C.,  have  developed 
a  highly  sensitive  and  precise 
instrument  to  measure  the 
coefficients  of  thermal  expansion 
(CTE)  in  materials.  For  example, 
the  materials  used  with  mirrors  in 
space  must  be  dimensionally 
stable,  since  space  radiation  and 
thermal  cycling,  among  other 
effects,  can  slightly  change  the 
physical  dimensions  of  mirrors. 

The  CTE  apparatus  allows 
scientists  to  study  not  only  the 
changes  in  length  of  low-CTE 
samples  from  ambient  to  150  K 
temperatures,  but  also  the  changes 
in  expansion  characteristics  that 
occur  when  a  sample  is  exposed  to 
ionizing  radiation. 

The  CTE  apparatus  measures 
the  change  in  length  with  a  double 
Michelson  interferometer.  As  the 
sample  is  being  heated  or  cooled, 
you  have  to  be  able  to  determine 
whether  the  length  is  changing  or 
the  sample  is  simply  moving.  The 
double  Michelson  interferometer 
accomplishes  this  by  precisely 
comparing  the  distance  from  one 
beam  splitter  to  one  end  face  of  the 


sample  with  the  distance  from  a 
second  beam  splitter  to  the  other 
end  face  of  the  sample.  The  CTE 
apparatus  has  at  least  20  times  the 
sensitivity  of  similar  inter- 
ferometric  dilatometers  as  a  result 
of  innovative  signal  processing  and 
the  improved  design. 

Currently  the  CTE  apparatus 
is  being  modified  so  that  it  will  cool 
to  the  temperature  of  liquid 
helium,  approximately  4  K.  This 
enhanced  capability  will  allow  an 
evaluation  of  the  dimensional 
stability  of  materials  for  spaced- 
based  optics  at  the  extreme  low 
temperatures  of  the  space 
environment.  It  will  also  provide 
comparison  with  theories  about 
how  solids  should  behave  at  very 
low  temperatures. 


For  Additional  Information: 
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Shock-Test  Facility  Developed 


Scientists  at  the  Naval 
Research  Laboratory's  (NRL) 
Underwater  Sound  Reference 
Detachment  (USRD)  in  Orlando, 
Florida,  have  developed  an 
inexpensive  closed-chamber  test 
facility  for  shock  testing  naval 
sonar  transducers.  The  new 
facility  is  a  water-filled,  conical- 
bore  tube  about  3  meters  long  with 
an  inner  diameter  of  15 
centimeters  at  the  large  or  muzzle 
end.  The  shock  tube  allows  some  of 
the  most  commonly  tested 
transducers  to  be  evaluated  in  the 
laboratory  on  a  quick  turnaround 


basis.  The  design  allows  exposure 
to  both  shock-wave  pressure  and 
inertial  shock  in  a  single  test  by 
mounting  the  transducer  on  a 
piston  that  moves  in  a  cylindrical 
reaction  chamber. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 
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Sensor  to  Measure  Fuel  Oil  Level  in  Storage  Tanks 


• 


The  Electromagnetic  Tank 
Level  Indicating  (EMLI)  System, 
developed  at  the  David  Taylor 
Research  Center  (DTRC), 
Carderock,  Maryland,  has 
successfully  completed  Advanced 
Development  Model  (ADM) 
testing.  The  EMLI  (Figure  4)  is  a 
highly  reliable  sensor  for  meas- 
uring the  quantity  of  fuel  oil  in 
seawater  compensated  storage 
tanks.  Designed  as  the  next 
generation  tank  level  indicator 
(TLI)  for  shipboard  use,  the 
microprocessor-based  EMLI  is 
fully  automatic  and  has  no  moving 
parts. 

The  EMLI  technique  is  based 
on  time-domain  reflectometry 
(TDR),  which  is  used  primarily  for 
the  inspection  of  long  transmission 
cables.  TDR  is  analogous  to  radar 
in  the  sense  that  a  high-frequency 


signal  is  transmitted  onto  a  cable 
and  reflections  from  impedance 
mismatches  and  cable  damage  are 
measured.  The  location  and 
amplitude  of  these  can  be 
determined  from  the  TDR  signal. 
The  EMLI  uses  TDR  and  an  open, 
fiberglass,  transmission  line 
sensor  to  interrogate  the  contents 
of  shipboard  fuel  tanks. 

The  tank  contents  act  as  the 
transmission  line  dielectric  with 
impedance  discontinuities 
occurring  at  the  tank  fluid 
interfaces.  A  unique  algorithm, 
developed  by  DTRC  engineers, 
allows  the  system  to  accurately 
determine  the  depth  of  the  fuel  oil 
and  the  seawater  in  seawater 
ballasted  fuel  oil  tanks.  In 
addition,  the  presence  of  an  oil  and 
seawater  emulsion  can  be  detected 
and  measured,  and  the  rugged 


/\/\y\ 


SENSOR 


FUEL 
TANK 


/\/sy\ 


TDR 
MODULE 


SIGNAL 
PROCESSOR 


DATA 
BUS 


DISPLAY  PROCESSOR 

CONVERTS  LEVEL 

TO  QUANTITY 


ELECTRONICS 


AIR 


FUEL 
OIL 


CENTRAL  DISPLAY 
INDICATOR 


SEA 
WATER 


1 

Gallons 

100       — 

— 

80       — 

60 

- 

- 

40 

- 

— 

20 

- 

0 

»- 

1 

Gallons 

100       — 

— 

80       — 

60 

40 

20 

- 

0 

Figure  4.  Electromagnetic  tank  level  indicator 
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fiberglass  probes  resist  coating  and 
corrosion.  The  EMLI  is  not  limited 
to  fuel  oil  tanks  but  may  be  applied 
to  a  variety  of  difficult  level- 
sensing  problems.  The  EMLI 
promises  to  be  a  low-cost,  highly 
reliable,  and  rugged  successor  to 
TLIs  currently  in  use  by  the  fleet. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 
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Estimating  Liquid  and  Gas  Contents  in  a  Tank 

Quantities  would  be  inferred  from  temperatures  and  pressure  changes. 


A  general  approach  to  the  estimation  of 
the  amounts  of  liquid  and  gas  in  a  tank  is 
based  on  measurements  of  pressure  per- 
turbations and  temperatures  and  the  use 
of  the  thermodynamic  relationships  among 
pressures,  temperatures,  and  volumes.  Al- 
though this  approach  is  approximate  and 
indirect,  it  is  advantageous  where  such  di- 
rect and  precise  methods  as  the  observa- 
tion of  a  stationary  liquid/gas  interface  in  a 
gravitational  field  cannot  be  used.  The  ther- 
modynamic approach  can  be  used  in  the 
presence  or  absence  of  gravitation  or  ac- 
celeration, and  regardless  of  the  numbers, 
shapes,  and  movements  of  liquid/gas  inter- 
faces in  the  tank.  It  could  also  be  useful 
where  the  liquid  may  be  stationary  but  too 
hazardous  to  permit  direct  observation. 

Usually,  the  quantity  that  one  seeks  to 
determine  is  the  volume  of  liquid  in  the 
tank.  In  this  approach,  one  determines  the 
volume  of  gas,  then  subtracts  it  from  the 
known  total  volume  of  the  tank  to  obtain  the 
volume  of  liquid.  To  measure  the  volume  of 
gas,  one  induces  perturbations  AV  in  the 
total  volume  V,  thereby  inducing  perturba- 
tions AP  in  the  total  pressure  P.  Then  the 
volume  of  gas  can  be  computed  from 

Vgas  =  -nPM/AP 

where  n  depends  on  the  amount  of  heat 
transferred  between  the  gas  and  its  sur- 
roundings during  the  compression  and  ex- 
pansion phases  of  AP  and  AV  The  value  of 
n  can  range  from  a  low  of  1  (as  in  isother- 
mal compression  and  expansion)  at  small 
AV  to  a  high  equal  to  the  ratio  of  specific 
heats  of  the  gas  (as  in  adiabatic  compres- 
sion and  expansion  —  a  typical  high  value 
of  1.2  to  1.6). 
The  volume  displacement  or  perturba- 


The  Bellows  Would  Be  Al- 
ternately Compressed  and 
Expanded  to  make  the  vol- 
ume of  the  tank  fluctuate. 
The  corresponding  fluctua- 
tions in  pressure  would  be 
measured  and  used  to  deter- 
mine the  volume  of  gas  and 
liquid  in  the  tank. 


tion  A  Vand  its  rate  must  be  large  enough  to 
yield  uceful  AP  readings  in  the  face  of  en- 
vironmental effects,  but  not  so  large  that 
the  readings  are  degraded  by  acoustical 
noise  and  limitations  of  the  sensors.  A 
practical  choice  would  lie  between  these 
extremes  and  would  result  in  a  value  of  n 
between  the  isothermal  and  adiabatic  ex- 
tremes. The  relationships  among  AP,  AV, 
and  V  could  be  determined  theoretically, 
by  calibration  measurements  on  known 
volumes  of  liquid  and  gas,  or  both. 

The  general  method  can  be  implement- 
ed in  a  variety  of  ways,  depending  on  the 
type  of  liquid  and  the  conditions  of  opera- 
tion and  design  of  the  tank  system.  For  ex- 
ample, as  shown  in  the  figure,  the  volume 
perturbations  could  be  produced  by  a 
small  bellows  alternately  compressed  and 
expanded  by  a  motor.  The  displacement 
would  be  <  1/1000  of  the  total  volume  of 
the  tank.  The  frequency  of  displacement 
could  be  several  cycles  per  second,  but 
could  range  several  orders  of  magnitude 


above  or  below  this  value,  depending  on 
the  type  and  sophistication  of  the  in- 
struments in  the  system. 

This  work  was  done  by  Richard  T. 
Walter  of  Johnson  Space  Center  and 
Paul  Van  Buskirk,  William  Weber,  and 
Richard  Froebel  of  Lockheed  Engineering 
and  Sciences  Co. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21500/TN. 

Lyndon  B.  Johnson 
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Technology  Utilization 
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Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
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Houston,  TX  77058 
(713)  483-4871 
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Vacuum  Chuck  Holds  Filter  Pad  for  Counting  Particles 


The  chuck  is  mounted  on  a  microscope  stage. 


A  microscope-stage  holder  keeps  a  filter 
pad  flat  to  keep  it  in  focus  as  the  stage 
is  moved  to  count  particles  in  .different 
areas.  In  a  microscope  system  equipped 
with  a  video  camera,  an  image-analyzing/ 
particle-counting  computer,  and  automatic 
focus,  the  use  of  the  stage  can  speed  the 
count  considerably  by  eliminating  the  need 
to  stop  frequently  for  manual  refocusing. 
The  technician  is  free  to  perform  other 
tasks  while  the  computer  controls  the  trans- 
lation of  the  stage  and  takes  the  count  au- 
tomatically. 

Previously,  it  was  standard  practice  to 
hold  a  filter  pad  with  a  ring,  which  main- 
tains the  edge  flat  against  the  microscope 
stage  but  does  not  force  the  rest  of  the 


Screen  Holding 

Surface  Covering 

Plenum 


Connector  for 
Vacuum  Tube 

Figure  1.  The  Specimen  Holder  is  a  special 
vacuum  chuck  that  applies  suction  through 
a  flat  screen. 


pad  to  remain  in  focus.  The  new  holder 
relies  on  suction  to  pull  the  entire  pad  hard 
against  a  flat  surface.  The  holder  is  essen- 
tially a  vacuum  chuck.  The  vacuum  is  ap- 
plied to  a  small  plenum  under  a  screen 
that  serves  as  the  flat  holding  surface  (see 
Figure  1).  The  screen  is  made  of  stainless- 
steel  sheet  0.010  in  (0.25  mm)  thick  per- 
forated with  a  square  array  of  thousands 
of  suction  holes  0.0039  in.  (0.10  mm)  in 
diameter.  A  circular  framework  in  the  plen- 
um under  the  screen  helps  to  support  the 
screen  against  the  suction  force. 

The  holder  is  mounted  on  the  micro- 
scope stage,  the  filter  pad  is  placed  on  the 


holder  (see  Figure  2),  the  vacuum  is  ap- 
plied, the  system  is  focused,  and  the  count 
is  begun.  Often,  the  count  can  be  com- 
pleted before  refocusing  is  necessary. 

This  work  was  done  by  Anthony  Berry 
and  Billy  H.  Herren  of  Marshall  Space 
Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Marshall  Space  Flight 
Center.  Refer  to  MFS-28420/TN. 


Figure  2.  Suction  Keeps  the  Filter  Pad  Flat  against  the  specimen  holder  while  the  micro- 
scope stage  is  moving  to  scan  the  areas  denoted  by  the  grid. 
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•  «rEPA      Project  Summary 

Evaluation  of  a  Remote  Sensor  for  Mobile  Source  CO 


Emissions 

Introduction 

This  project  report  describes  an  EPA- 
sponsored  evaluation  of  a  device  designed 
to  measure  the  carbon  monoxide  (CO) 
emissions  from  a  passing  automobile  by 
means  of  remote  sensing.  The  University 
of  Denver  developed  the  device  with  sup- 
port from  the  Colorado  Office  of  Energy 
Conservation  as  an  approach  to  promote 
improved  vehicle  fuel  economy.  High  CO 
emissions  are  indicative  of  incomplete  fuel 
combustion  caused  by  out-of-adjustment 
or  defective  fuel  and  emission  systems. 
Surveillance  for  CO  emissions  will  identify 
vehicles  with  potential  fuel  efficiency  ben- 
efits if  repaired.  As  a  result  of  this  original 
purpose,  the  CO  emissions  monitoring 
system  is  called  FEAT,  for  Fuel  Efficiency 
Automobile  Testing. 

The  FEAT,  shown  schematically  in  Fig- 
ure 1,  consists  of  three  basic  units:  an 
infrared  (IR)  light  source,  an  IR  detector 
and  a  personal  computer.  IR  absorption  is 
used  to  determine  the  amounts  of  CO  and 
CO  emitted  by  a  passing  automobile.  The 
IR  fight  source,  located  on  one  side  of  a 
roadway,  sends  a  collimated  beam  into  a 
gas  filter  radiometer  equipped  with  two 
liquid-nitrogen-cooled  indium  antimonide 
photovoltaic  detectors.  A  4.3  micron  filter 
isolates  the  CO  region  before  one  of  the 
two  detectors.  The  resulting  beam  passes 
through  a  rotating  gas  filter  wheel,  half  of 
which  contains  a  CO  and  H2  mixture  and 
the  other  half  N2.  The  rotating  wheel 
modulates  the  signal  and  provides  both  a 
reference  channel  and  a  CO  data  channel. 

The  system  is  installed  across  a  single- 
lane  highway  with  the  IR  beam  located  at 
the  height  of  most  exhaust  pipes  (about 
25  centimeters  above  the  pavement). 
When  a  vehicle  enters  the  optical  path  a 
drop  in  reference  voltage  signals  the 
vehicle's  presence.  Span  voltages  from 
each  of  the  three  signal  channels  (CO, 
C02,  and  reference)  are  acquired  before 
the  vehicle  enters  the  beam,  and  zero 
correction  voltages  for  each  channel  are 
acquired  while  the  vehicle  is  completely 
blocking  the  beam.  As  the  vehicle  exits 
the  beam,  a  one  half  second  voltage  ver- 
sus time  trace  from  each  of  the  three 
channels  is  obtained. 

The  voltage  values  obtained  as  a  ve- 
hicle exits  the  beam  are  corrected  for  the 
ambient  measurements  obtained  in  front 
of  the  vehicle.  Voltages  are  converted  to 
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Figure  1.   Schematic  diagram  ol  the  University  ol  Denver  CO  remote  sensor 

path-averaged  concentrations  with  a  linear 
calibration  equation.  Calibration  constants 
are  determined  periodically  while  in  use 
by  measurements  of  certified  compressed 
gas  mixtures  to  allow  path-averaged  CO 
and  C02  concentrations  to  be  determined. 
The  concentrations  of  the  CO  and  C02  in 
the  exhaust  plume  change  jointly  as  they 
rapidly  disperse  in  the  turbulent  wake  be- 
hind the  vehicle.  The  computer  calculates 
a  ratio  of  CO  to  C02  that  corresponds  to 
the  slope  of  a  best  fit  line  for  a  scatter  plot 
of  these  two  gases.  The  confidence  limits 
of  the  slope  must  be  better  than  20%  for 
the  software  to  accept  the  measurement 
as  valid. 

Using  the  combustion  reaction  equa- 
tions, the  ratio  of  CO  to  C02  is  converted 
to  exhaust  percent  CO.  The  results  are 
stored  on  floppy  disk  and  printed  on  a 
video  tape  together  with  a  freeze-frame 
video  image  of  the  rear  of  the  vehicle  at  a 
rate  as  fast  as  one  vehicle  per  second.  At 
some  locations  emissions  measurements 
of  over  one  thousand  vehicles  per  hour 
have  been  made. 

The  remainder  of  this  document  sum- 
marizes the  evaluation  of  the  FEAT.  It  is 
organized  in  four  sections  which  corre- 
spond to  the  objectives  of  the  project. 
These  objectives  are: 

1.  to  evaluate  the  theory  used  to  con- 
vert the  CO  to  CO  ratio  to  percent 
CO  and  to  grams  CO  per  gallon  of 
fuel; 

2.  to  validate  the  theory  using  existing 
data  from  laboratory-grade  gas 
monitors; 

3.  to  inter-compare  FEAT  and  labora- 
tory-grade emissions  measurements 
of  vehicles  on  a  dynamometer;  and 

4.  to  discuss  potential  applications  for 
remote  sensing  of  vehicle  emissions. 


Theory 

The  FEAT  depends  on  the  carbon  and 
oxygen  balances  of  the  combustion  reac- 
tion equations  to  convert  the  measured 
CO  to  C02  ratio  into  percent  CO  and  grams 
CO  per  gallon  of  fuel  burned.  This  entails 
certain  assumptions  concerning  the 
chemical  formula  for  the  fuel  and  the 
presence  of  unburned  hydrocarbons. 
Complete  derivation  of  the  theory  used  by 
FEAT  and  an  analysis  of  the  sensitivity  of 
the  FEAT  results  to  the  required  assump- 
tions is  the  subject  of  this  part  of  the 
evaluation  project. 

When  FEAT  readings  are  converted  to 
mass  emissions  in  grams  CO  per  gallon 
of  fuel,  hydrocarbon  emissions  may  either 
be  neglected,  or  corrected  using  an  aver- 
age hydrocarbon  emissions  factor.  In  either 
case  the  corrections  are  small,  particularly 
for  the  low  emission  vehicles.  For  most 
vehicles  (i.e.,  about  95%)  the  uncorrected 
grams  CO  per  gallon  values  are  within  6% 
of  the  corrected  values. 

Presently  under  development  is  a  hy- 
diocarbon  remote  sensing  monitoring 
channel  for  FEAT  which  will  eliminate  this 
small  source  of  inaccuracy  when  reporting 
grams  CO  per  gallon  of  fuel.  This  hydro- 
carbon channel  will  also  enable  remote 
sensing  to  report  hydrocarbon  exhaust 
emissions  directly. 

Theory  Validation 

Ratios  of  CO  to  C02  from  conventional 
exhaust  system  probe  measurements  can 
be  directly  compared  to  FEAT  measure- 
ments of  the  ratio.  However,  a  direct 
comparison  of  percent  CO  can  not  be 
done  without  correcting  the  probe  value 
for  dilution  air.  Dilution  of  vehicle  exhaust 
by  air  which  is  not  part  of  the  combustion 
process  (e.g.,  as  introduced  by  an  air 
pump)  results  in  a  lower  CO  concentration 
at  the  probe.  FEAT  exhaust  measurements 
are  unaffected  by  dilution  air.  Probe  read- 
ings are  adjusted  upwards  to  take  into 
account  any  dilution  caused  by  the  excess 
air  by  using  the  probe  exhaust  oxygen 
(02)  measurement  as  an  indicator.  Unless 
stated  otherwise,  all  exhaust  probe  results 
used  in  comparisons  have  been  adjusted 
with  the  oxygen  correction  for  dilution  air. 

Dynamometer  Testing 

An  interface  was  required  which  would 
enable  the  FEAT  unit  to  measure  the 
emissions  from  a  vehicle  on  a  dynamom- 
eter since  the  normal  FEAT  mode  of  op- 
eration requires  a  passing  vehicle  to  trigger 
its  measurement  cycle.  The  interface  con- 
sisted of  a  system  for  compressing  raw 
exhaust  into  a  two  liter  stainless  steel 
canister  from  which  there  were  two  exits. 
At  the  bottom  of  the  canister  a  small  leak 
eliminated  the  water  which  had  condensed, 
and  maintained  ventilation  of  the  tubing. 
At  the  side  of  the  canister  a  short  tube  led 
through  a  computer  controlled  solenoid 
valve  to  a  ring  of  holes  normally  used  as 


the  intake  for  calibration  gas  to  the  FEAT 
system.  A  small  rotating  blade  was  used 
to  simulate  the  presence  of  a  vehicle  and 
to  trigger  the  release  of  exhaust  into  the 
beam.  Since  the  blade  rotated  every  two 
seconds,  a  reading  of  the  exhaust  was 
available  every  two  seconds  when  the 
FEAT  was  operated  in  this  mode.  The 
hardware  and  software  were  otherwise 
identical  to  those  used  by  the  FEAT  dur- 
ing normal  on-road  operation. 

Comparison  testing  was  performed  at 
the  Environmental  Testing  Corporation 
(ETC),  a  private  automobile  emissions 
testing  facility  that  specializes  in  high  alti- 
tude certification  tests  for  several  automo- 
bile manufacturers. 


Possible  Applications 

FEAT  has  been  shown  to  make  fast 
and  accurate  measurements  of  the  in- 
stantaneous CO  emissions  from  vehicles 
as  they  pass  by  the  instrument.  Broadly 
speaking,  this  technology  has  application 
for  characterization  of  CO  emissions  from 
individual  vehicles  or  characterization  of 
fleet  CO  emissions  by  aggregation  of  indi- 
vidual measurements. 

The  value  of  individual  vehicle  monitor- 
ing is  the  identification  of  the  small  fraction 
of  the  vehicles  that  are  responsible  for  the 
majority  of  the  mobile  emissions  (i.e., 
roughly  20%  of  the  vehicles  produce  60% 
of  the  emissions). 

Fleet  and  individual  vehicle  applications 
have  different  monitoring  requirements.  For 
fleet  monitoring  applications,  the  large  data 
sets  that  can  be  easily  gathered  make  the 
aggregated  results  immune  from  errors 
resulting  from  emission  variability,  though 
still  subject  to  any  bias  resulting  from  non- 
representative  emissions  conditions. 

There  are  a  number  of  possible  goals 
that  could  be  established  as  part  of  an 
individual  vehicle  monitoring  program. 
Obvious  gross  emitting  vehicles  could  be 
required  to  improve  emissions  through  re- 
pair or  adjustment;  vehicles  with  high  test 
results  could  be  subject  to  additional  tests; 
or  obviously  clean  vehicles  could  be  given 
an  exemption  from  periodic  I  &  M  tests. 
Research  is  required  to  establish  the  re- 
mote sensor  measurement  value  that  cor- 
responds to  the  action  level  desired. 
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contraction  causes  release  at  a  predetermined  low  temperature. 

0738  Tool  for  Robotic  Resistive  Roll  Welding— Resistance-welding  current 
starts  and  stops  automatically  according  to  force  exerted  against  the 
workpiece.  (Licensing  Opportunity) 

Software 

0739  Computer  Codes  Improve  Welding  Quality  and  Reliability 

Testing  &  Instrumentation 

0740  Optoelectronic  Shaft-Angle  Encoder  Tolerates  Misalignments — Active 
read  heads  track  grooves  and  pits  on  a  disk.  (Licensing  Opportunity) 

0741  Detecting  Filler  Spaces  Under  Tiles — An  eddy-current  probe  detects 
hidden  seams,  steps,  and  holes  in  a  metal  substrate.  (Licensing 
Opportunity) 

0742  Weld-Bead  Profilometer  Rejects  Optical  Noise — The  effect  of  ambient 
light  is  reduced  by  pulsed  illumination  and  shuttering.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0687     FINDIT:  A  Computer  Program  for  Finding  Problems 

0707     Improved  Rotary  Transformer  for  Shaft-Position  Indicator — An  iron  core 
is  replaced  by  a  ferrite  core. 


I 


Federal  laboratory  resource 

: 

Technology  Applications 

Manufacturing  Information 


One  of  the  services  provided  by  MTIAC  to  the  manufacturing  community  is  the  location  of  technical  information. 
The  MTIAC  Technical  Inquiry  Department  routinely  provides  background  information  on  technologies  for 
engineers  and  managers  moving  into  new  technical  areas,  researches  specific  manufacturing  problems,  and  locates 
ongoing  research/researchers  for  referral. 

Who  can  use  this  service?  Anybody  can  request  information  from  MTIAC;  most  of  MTIAC's  technical 
information  is  available  to  all  sectors  of  the  manufacturing  community.  MTIAC  strives  for  the  widest  possible 
dissemination  of  technical  information  consistent  with  export  control  and  militarily  critical  technologies 
regulations.  Certain  important  technologies  are  protected,  but  usually  available  to  U.S.  companies  through  a 
simple  certification  procedure. 

How  much  does  it  cost?  There  is  no  charge  for  requests  handled  using  in-house  resources.  MTIAC's  technical 
staff  evaluates  each  inquiry  and  researches  our  internal  data  bases  for  an  appropriate  response.  If  our  resources  are 
inadequate,  or  more  extensive  research  is  required,  MTIAC  will  provide  a  cost  estimate  before  proceeding  with 
additional  work. 

Some  of  the  resources  used  to  answer  technical  inquiries  include  SIMON  Data  Base  of  Man  Tech  Projects,  MTIAC 
Manufacturing  Data  Base,  MTIAC  Technical  Library,  and  IIT  Center  Staff  of  Manufacturing  Experts. 

Additionally,  MTIAC  has  available  the  full  range  of  commercial  and  government  data  sources. 

Why  not  give  it  a  try?  If  you  are  a  Man  Tech  Project  engineer,  a  small  business,  a  defense  contractor,  a 
manufacturing  engineer,  a  project  manager,  a  government  researcher,  or  anyone  working  in  the  area  of 
manufacturing,  we  may  have  the  answers  you  need.  Let  MTIAC  find  the  technical  information  you  need. 

FOR  ADDITIONAL  INFORMATION:  Use  our  new  800  number  to  contact:  Joel  Pacheco,  MTIAC  Technology 
Coordinator,  10  West  35th  Street,  Chicago,  IL  60616;  1-800-421-0586,  FAX  312-567-4736. 


730 


Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

CD-ROM  for  Standards  Dissemination  and  Education 


NIST  is  experimenting  with  use  of 
Compact  Disc  Read  Only  Memory  (CD- 
ROM)  as  a  substitute  for  paper 
documents  to  distribute  standards  and 
standards  information.  Since  a  single 
compact  disc  can  replace  several  thou- 
sand pages  of  paper  documents,  the  use 
of  this  medium  should  improve  stan- 
dards development  and  training  by 
making  information  distribution  easier, 
more  effective,  and  cheaper. 

NIST  produced  a  CD-ROM  called  the 
"Product  Data  HyperStandard  Prototype" 
as  part  of  a  project  funded  by  the  Navy. 
Approximately  700  copies  of  the  CD- 
ROM  were  handed  out  at  the  CALS  Expo 
held  last  December.  The  disc  is  a  collec- 
tion of  information  about  the  ongoing 
PDES  (Product  Data  Exchange  using 
STEP)  and  STEP  (Standard  for  The  Ex- 
change of  Product  model  data)  standards 
efforts.  Also  included  are  early  drafts  of 
the  standards  themselves. 

Much  of  the  information  on  the  disc 
forms  an  electronic  archive  of  useful 


information  fortechnical  experts  involved 
in  product  data  standards.  Among  the 
items  included  are  the  CALS  bulletin 
board  (in  ASCII  text  format),  PDES  Inc. 
phase  I  deliverable  documents  (Word 
Perfect),  National  PDES  Testbed  soft- 
ware (source  code),  an  early  draft  of 
Initial  Graphics  Exchange  Specification 
(IGES)  V5  (LaTeX),  and  a  standards 
organization  directory  (HyperCard). 
Commercially  available  software  pack- 
ages for  both  the  Macintosh  and  IBM-PC 
can  read  and  select  information  on  the 
disc.  The  CD-ROM's  format  allows  it  to 
be  read  by  any  personal  computer  or 
workstation  that  supports  the  interna- 
tional ISO  9660  CD-ROM  standard. 

The  Product  Data  prototype  disc  used 
only  about  170  megabytes  of  the  600 
megabyte  capacity  of  a  CD-ROM.  A  lim- 
ited number  of  the  "HyperStandard" 
CD-ROMs  are  available  from  NIST  upon 
request. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Sandy  Ressler,  Building  220,  Room 
A127,  AMFR  Project,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975-3549. 


I 


731 


N 


AVY 

Domestic  Technology  Transfer  Fact  Sheet 


Navy  Studies  Paint  Spray  Booth  Conversion 


Figure  1.  Navy  paint  spray  booth,  before  and  after 


The  Naval  Civil  Engineering 
Laboratory  (NCEL),  Port 
Hueneme,  California,  released  a 
study  on  the  feasibility  of 
converting  Navy  paint  spray 
booths  (Figure  1)  from  wet- 
scrubber  to  dry-filter  operations  of 
the  particulate  emissions  control 
(PEC)  systems.  Included  in  the 
study  is  a  cost/benefit  analysis  of 
converting  several  types  of  paint 
spray  booths. 

The  results  of  the  study 
indicate  that  there  is  little  doubt 
as  to  the  technical  and  economic 
feasibility  of  the  conversion.  By 
converting  current  particulate 
emission  control  systems  from  wet 
to  dry  operation,  there  is  a  100- 


percent  reduction  in  the  quantity 
of  hazardous  waste  without 
adversely  affecting  production  or 
increasing  downtime.  A  User's 
Data  Package  covering  the  wet  to 
dry  conversion  will  soon  be 
available. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160301/TN 
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Turning  Apparatus  Developed 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  developed  a 
portable  on-site  turning  apparatus 
for  in-place  machining  of  worn  out 
journal  areas,  other  external 
surfaces  of  rudder  posts,  or  other 
comparable  gigantic  work  pieces. 
This  apparatus  will  eliminate  the 
slow,  tedious,  and  expensive 
refurbishment  of  the  rudder 
bearing  area  by  the  use  of  hand- 
tools,  and  the  extra  manhours 
needed  to  remove,  transport,  and 
reinstall  the  rudder  and  post,  as 
has  been  done  in  the  past. 

The  apparatus  (Figure  3) 
includes  a  pair  of  mounting  rings 
that  are  attachable  to  the  shaft 
and  supports  a  longitudinal 
annulate  frame  assembly  that 
rotates  about  the  area  to  be  cut.  A 
drive  assembly  is  mounted  on  a 
mounting  ring  and  engages  a  ring 
gear  attached  to  the  frame 
assembly  for  providing  its 
rotational  force.  A  longitudinal 
track  assembly  is  mounted  on  and 
extends  between  the  ends  of  the 
frame  assembly.  A  carriage 
assembly  is  slidably  mounted  on 
the  track  assembly  and  is  in 
operational  engagement  with  a 
lead  screw,  which  is  also  mounted 


Figure  3.  Portable  on-site  turning 
apparatus 


on  the  track  assembly.  The 
carriage  assembly  is  adapted  to 
hold  a  cutter  for  machining  the 
shaft  surface  as  the  frame 
assembly  rotates.  A  hydraulic 
indexing  device  incrementally 
rotates  the  lead  screw  in 
synchronism  with  the  rotation  of 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160404/TN 
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Fabrication  of  Lightweight  Mirrors  Via  CVD 

A  scalable,  rapid  process  yields  parts  in  nearly  net  shape. 


There  continues  to  be  a  need  to  develop 
new  methods  and  technologies  capable 
of  efficiently  and  cost-effectively  produc- 
ing high-performance  optics  in  large  and 
small  sizes.  Large,  lightweight  optical  com- 
ponents, particularly  mirrors,  are  required 
for  many  space-based  systems,  such  as 
light  detection-and-ranging  (LIDAR)  sys- 
tems; astronomical  telescopes;  solar  col- 
lectors; and  concentrators  and  deflectors 
for  ions,  other  high-energy  particles,  and 
laser  beams.  Current  processes  for  the 
fabrication  of  optical  components  are  not 
capable  of  rapidly  producing  high-perform- 
ance optics,  particularly  large  mirrors  with 
diameters  of  1  meter  or  more. 

A  new  chemical-vapor  deposition  (CVD) 
process  has  been  developed  for  fabricat- 
ing lightweight  Si/SiC  mirrors.  The  process 
involves  three  CVD  steps:  one  to  produce 
the  faceplate  of  the  mirror,  the  second  to 
form  the  lightweight  back  structure  that  is 
deposited  integrally  with  the  faceplate,  and 
the  third  and  final  step  to  deposit  a  layer 
of  optical-grade  material  (e.g.,  Si)  onto  the 
front  surface  of  the  face  plate.  The  figure 
and  finish  of  the  mirror  are  fabricated  into 
this  latter  material. 

The  figure  shows  in  detail  the  CVD  fabri- 
cation procedure.  Ideally,  the  three  CVD 
depositions  can  be  completed  in  about  6 
weeks,  in  sharp  contrast  to  the  fabrication 
of  glass  mirrors,  which  can  take  several 
months  to  a  few  years.  CVD  can  produce 
dense,  highly  pure  polycrystalline  materials 
that  can  be  polished  to  surface  figures  of 
high  precision  and  finish. 

Using  this  process,  7.5-cm-diameter  flat 
and  curved  lightweight  mirrors  of  Si/SiC 
were  successfully  fabricated.  The  mirrors 
were  polished  to  a  figure  better  than  one- 
fifth  of  a  wavelength  and  a  finish  of  better 
than  10  A  rms.  This  process  is  scalable 
and  is  quite  general  in  that  mirrors  of  other 
ceramic  materials  can  also  be  fabricated. 
For  instance,  such  advanced  ceramic  ma- 
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Three  Chemical-Vapor  Depositions  Are  Used 

terials  as  TiB2  and  B4C  have  physical,  me- 
chanical, and  optical  properties  com- 
parable to  those  of  SiC  and  are  suitable 
for  use  in  mirrors. 

This  work  was  done  by  Joseph  T. 
Keeley,  Jitendra  Singh  Goela,  Michael  A. 
Pickering,  and  Raymond  L.  Taylor  of  Mar- 
ton  International,  Inc.,  for  Langley 
Research  Center. 


to  fabricate  lightweight  mirror  substrates. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Dr.  Raymond  L  Taylor 

CVD,  Inc./Morton  International,  Inc. 

185  New  Boston  Street 

Woburn,  MA  01801 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Preventing  Chemical-Vapor  Deposition  in  Selected  Areas 

A  gas  shroud  isolates  a  specific  area  from  the  rest  of  the  deposition  system. 


A  method  for  the  prevention  of  the  chem- 
ical-vapor deposition  of  material  in  selected 
areas  has  been  developed.  The  method 
differs  from  previous  deposition  methods 
in  which  selected  areas  are  isolated  by 
reducing  the  amounts  of  materials  depos- 
ited around  those  areas.  In  this  method, 
a  gas  shroud  is  used  to  isolate  the  selected 
area  from  the  rest  of  the  deposition  sys- 
tem. 

A  substrate  of  any  shape  or  size  is  first 
mounted  on  a  material,  such  as  graphite 
support  pillars  or  graphite  felt,  compatible 
with  the  deposition  process.  The  substrate 
is  enclosed  by  a  ring,  also  made  from 
graphite  or  other  compatible  material, 
which  matches  the  shape  of  the  substrate. 
The  distance  between  the  outer  edge  of 
the  substrate  and  the  inner  edge  of  the  ring 
is  a  few  millimeters.  An  inert  gas,  such  as 
argon,  is  made  to  flow  from  beneath  the 
substrate.  This  flow  prevents  deposition  be- 
tween the  substrate  and  the  ring  (see  fig- 
ure). 

The  rate  of  flow  is  chosen  to  maintain 
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Note:  Pr  and  Pp  are  Pressures.  Pr  >  Pp. 

Inert  Gas  Flowing  From  Beneath  the  Sub- 
strate prevents  deposition  between  the 
substrate  and  the  outer  ring. 

a  small  differential  pressure  between  the 
gas  in  the  ring  and  the  gas  in  the  furnace. 
The  isolation  of  the  substrate  from  the  rest 
of  the  deposition  furnace  prevents  the  prop- 
agation of  cracks  from  the  wall  of  the  fur- 
nace to  the  substrate.  This  method  also 
prevents  deposition  on  the  back  of  the 


substrate,  which  deposition  often  produces 
cracks  in  the  deposited  material. 

This  method  has  been  extremely  suc- 
cessful in  the  selective  deposition  of  SiC 
in  a  chemical-vapor-deposition  reactor.  It 
is  used  in  the  deposition  of  SiC  mirror 
blanks  in  the  Large  Mirror  Substrate  and 
Lidar  Mirror  programs.  It  is  a  critical  ele- 
ment in  the  overall  chemical-vapor-deposi- 
tion process  for  producing  large,  lightweight 
mirrors. 

This  work  was  done  by  Joseph  T.  Keeley, 
Jitendra  Singh  Goela,  Michael  A.  Pickering, 
and  Raymond  L  Taylor  of  Morton  Interna- 
tional, Inc.,  for  Langley  Research  Center. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be  ad- 
dressed to 

Dr.  Raymond  L  Taylor 

CVD,  Inc./Morton  International,  Inc. 

185  New  Boston  Street 

Woburn,  MA  01801 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Hand  Broaching  Tool  for  Use  in  Confined  Areas 

A  slim  tool  fits  where  others  cannot. 


A  broaching  tool  cuts  keyslots  in  tapped 
holes.  With  an  exceptionally  slim  outer 
body,  the  tool  is  well  suited  for  work  in 
areas  of  limited  accessibility,  particularly 
when  features  of  the  workpiece  create 
obstructions. 

The  inner  body  of  the  tool  fits  in  a  cylin- 
drical outer  body  (see  figure).  A  guide  tip 
aligns  the  tool  axially  when  inserted  in  a 
hole.  A  double-edged  cutting  blade  ex- 
tends radially  from  the  upper  portion  of  the 
tip.  A  striking  surface  at  the  top  of  the  in- 
ner body  protrudes  from  the  outer  body; 
this  surface  absorbs  hammer  blows  and 
transmits  them  to  the  blade.  The  blade  is 
thus  gradually  forced  into  the  workpiece, 
cutting  keyslots  on  opposite  sides  of  the 
hole  as  it  proceeds. 

The  outer  body  aids  in  extracting  the 
tool  from  the  hole  without  damage  after 
the  slots  have  been  cut.  Its  internally 
threaded  collar  mates  with  an  externally 
threaded  section  on  the  inner  body.  To 
extract  the  tool,  the  user  turns  the  disk- 
shaped  handle  on  the  outer  body  clock- 
wise. This  action  translates  the  outer  body 
downward  as  it  moves  on  the  threaded  in- 
ner body. 

When  the  bearing  surface  on  the  outer 
body  makes  contact  with  the  workpiece, 
the  user  continues  to  turn  the  handle.  The 
inner  body  now  translates  upward  on  the 
screw  thread,  pulling  the  blade  and  tip 
from  the  hole. 

The  broaching  tool  previously  used  had 
an  outer  body  considerably  larger  in  di- 
ameter. So  that  the  old  tool  would  fit  around 
an  obstruction  next  to  the  tapped  hole,  a 
portion  of  the  outer  body  had  to  be  cut 


away  —  a  time-consuming  and  costly  proc- 
ess. The  old  tool  had  two  single-edge 
blades  on  its  periphery;  the  new  double- 
edge  blade,  extending  through  a  collet  on 
the  tip,  is  stiffer  and  lasts  longer. 

The  previous  tool  was  developed  for 
broaching  44  stud  holes,  each  0.250  in. 
(6.35  mm)  in  diameter,  in  a  circle  on  the 
Space  Shuttle  main  engines.  The  new  tool 
reduces  the  time  for  broaching  the  holes 

Turn  This  Way  To 
Extract  Cutting  Blade 


from  4  h  to  1  h.  The  blade  has  to  be  re- 
placed only  twice  per  circle,  whereas  about 
50  blades  were  consumed  per  circle  with 
the  old  tool. 

This  work  was  done  by  Arthur  A.  Beach 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 
MFS-29669/TN 
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Threaded  Sections  on  inner  and  outer  bodies  mate.  After  the  inner  body  has  been  used 
to  broach  keyways  in  a  hole  in  a  workpiece,  turning  the  outer  body  by  its  handle  forces 
the  bearing  surface  against  the  workpiece  and  pulls  the  inner  body  tip  out  of  the  hole. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Segmented  Arm  for  Positioning  and  Assembly 

Control  of  a  large  robotic  arm  relies  on  conservation  of  angular  momentum. 


A  proposed  segmented  robotic  arm  (see 
figure)  for  positioning  and  assembly  of 
components  of  large  structures  would  con- 
tain motor-and-ftywheel  angular-momen- 
tum devices  in  each  arm  segment.  These 
devices  would  transfer  angular  momen- 
tum to  and  from  the  segments  of  the  arm  to 
produce  the  desired  motion  of  the  arm.  The 
arm  was  conceived  for  use  in  outer  space, 
but  the  concept  may  also  be  adaptable  to 
terrestrial  uses  in  which  buoyancy  cancels 
the  effect  of  gravitation  —  for  example, 
floating  on  or  under  water. 

The  application  of  the  torques  to  par- 
ticular portions  of  the  arm  would  be  con- 
trolled by  selectively  locking  and  releasing 
the  rotational  joints  between  the  seg- 
ments. If  an  angular  momentum  device  in 
one  segment  were  to  fail,  the  arm  could  still 
be  used,  albeit  with  some  degradation  of 
performance,  simply  by  locking  the  joint 
that  connects  that  segment  to  one  of  the 
adjacent  segments. 

The  proposed  arm  would  be  about  300  ft 
(90  m)  long  and  could  manipulate  compo- 
nents of  up  to  about  1  million  pounds  (0.5 
Gg).  The  truss  structure  of  each  segment 
would  minimize  its  mass  while  providing 


stiffness  to  support  the  control  and  utility 
systems. 

Neglecting  friction  between  the  arm  and 
the  environment,  the  total  torque  about  any 
given  joint  would  be  the  vector  sum  of  all 
the  individual  segment  torques.  Thus,  the 
more  segments  there  were,  the  larger 
would  be  the  effective  control  torque 
available  at  the  base  of  the  arm. 

The  accumulated  location  errors  at  the 
free  end  of  the  arm  may  present  a  prob- 
lem. The  arm  would  use  position  feedback 
to  correct  such  errors.  When  the  arm  is 


The  Segments  of  the 
Robotic  Arm  would  be 
moved  by  transferring 
angular  momentum  to 
and  from  the  segment 
motors  with  flywheels. 


handling  a  massive  object,  mechanical 
oscillations  or  vibrations  could  occur  if  the 
joints  were  locked  while  the  load  or  arm 
was  still  moving.  Active  feedback  from  sen- 
sors that  measure  local  motions  would  be 
used  to  send  control  signals  to  the  angular- 
momentum-storage  devices  to  damp  any 
such  undesired  motions. 

This  work  was  done  by  Reginald  B. 
Berka  of  Johnson  Space  Center. 
MSC-21512/TN 
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Thermally  Actuated  Unlatching  Mechanism 

Differential  thermal  contraction  causes  release  at  a  predetermined  low  temperature. 


A  thermally  actuated  latch  releases  a 
component  initially  secured  to  it,  when  it 
is  cooled  to  a  predetermined  temperature 
lower  than  the  initial  temperature.  A  latch 
of  this  type  might  be  used,  for  example, 
to  retain  the  cover  of  a  cryogenic  aero- 
space instrument  during  launch  through 
intermediate  cooling.  With  a  nonmoving 
hook,  such  a  latch  might  also  be  used  to 
prevent  the  door  of  an  industrial  furnace 
from  being  opened  until  the  furnace  cools 
to  a  safe  temperature. 

The  latch  includes  a  supporting  arm  and 
a  spring-loaded  hook  made  of  titanium, 
which  has  a  relatively  low  coefficient  of 
thermal  expansion.  It  also  includes  an  en- 
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gaging  arm  made  of  epoxy  or  high-density 
polyethylene,  either  of  which  has  a  relative- 
ly high  coefficient  of  thermal  expansion 
(see  figure).  As  the  latch  cools,  the  engag- 
ing arm  shrinks  away  from  the  hook,  and 
the  spring  drives  the  hook  away  from  the 
arm. 

The  temperature  of  disengagement  de- 
pends on  the  specific  design  and  materials. 
For  the  design  and  materials  of  the  pro- 
totype, disengagement  occurs  when  the 
temperature  falls  from  ambient  to  -48  °C. 

This  work  was  done  by  Virginia  G.  Ford 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17601/TN 


COOLED  FURTHER  AND  DISENGAQED 


The  Simple  Latch  is  disengaged  by  differen- 
tial thermal  contraction  of  its  parts. 
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Tool  for  Robotic  Resistive  Roll  Welding 

Resistance-welding  current  starts  and  stops  automatically 
according  to  force  exerted  against  the  workpiece. 


A  roll-welding  attachment  for  a  robot  is 
a  simple,  inexpensive  device  that  incorpo- 
rates a  modified  commercial  resistance- 
welding  gun.  The  roll  welder  is  used  to  ap- 
ply brazing  foil  to  a  workpiece. 

The  gun  is  mounted  on  a  board,  and  a 
tungsten-alloy  wheel  is  attached  to  its  elec- 
trode holder  (see  figure).  A  spring-loaded 
plate  is  used  for  attachment  to  the  end  ef- 
fector of  the  robot.  The  hand-operated  trig- 
ger switch  that  turns  on  welding  current  in 
the  unmodified  gun  is  removed  from  the  in- 
terior of  the  gun  and  mounted  externally  on 
the  board,  where  it  is  actuated  by  a  spring- 
loaded  mechanism  and  the  attachment 
plate. 

The  robot  applies  a  force  to  the  attach- 
ment plate,  thereby  compressing  the  springs 
and  pressing  the  wheel  against  the  foil  on 
the  workpiece.  The  rods  on  which  the  attach- 
ment plate  are  mounted  slide  into  the  gun 
until  a  tab  actuates  the  switch  lever,  turning 
on  welding  current.  The  robot  then  rolls  the 
wheel  along  the  foil  to  weld  it  to  the  work- 
piece.  When  the  robot  removes  the  force, 
the  springs  push  the  rods  and  attachment 
plate  outward,  turning  off  the  welding  cur- 
rent. 

This  work  was  done  by  Jeffrey  L  Gilbert 
of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-29660/TN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center. 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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The  Modified  Welding  Gun  is  easily  attached  to  the  end  effector  of  a  robot.  The  robot  applies 
the  welding  force  and  moves  the  electrode  wheel  along  the  prescribed  path. 
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Technology  Application 


Sandia  National  Laboratory 

Computer  Codes  Improve  Welding  Quality  and 
Reliability 

Specialists  in  metallurgy,  engineering,  and  computer 
sciences  at  Sandia  National  Laboratories  are  devising 
computer  codes  designed  to  improve  the  quality,  reli- 
ability, and  manufacturability  of  welded  components. 

Development  and  control  of  welding  has  typically 
been  done  through  trial-and-error  experiments,  with 
little  in  the  way  of  scientific  instrumentation  or  com- 
puter codes  to  help  control  the  outcome. 

By  modifying  computer  codes  to  predict  tempera- 
ture, fluid  flow,  and  residual  stresses  in  welded  com- 
ponents, however,  researchers  at  Sandia's  Livermore 
facility  are  advancing  the  basic  understanding  of 
welding — the  age-old  process  of  applying  heat  to  fuse 
one  metallic  part  to  another. 

The  information  is  important  to  the  manufacture  of 
crucial  parts  in  everything  from  aircraft  engines  to 
weapon  components.  Such  welds  must  be  strong,  and  the 
welded  components  must  not  fail  prematurely. 

Even  though  welding  intrinsically  produces 
discontinuities  by  melting  and  changing  the  properties 
of  the  surrounding  material,  engineers  must  often  rely 
on  welding  for  components  subjected  to  high  structural 
loads  or  that  need  to  be  leakproof.  Component  parts 
without  joints  are  desirable  but  rarely  possible. 

Numerical  models  predict  weld  nature 

The  ultimate  goals  of  the  new  Sandia  computer 
models  are  to  eliminate  the  need  for  costly  trial-and- 
error  experimentation  and  to  successfully  predict  the 
distortion,  thermal  history,  and  residual  stress  distribu- 
tion in  a  weld. 

Computer  and  mathematical  models  of  welding  are 
complicated  and  difficult  to  develop  because  of  the 
complex  interaction  between  the  arc  (heat  source)  and 
the  workpiece. 

Ultimately  the  numerical  models,  once  verified,  will 
be  able  to  predict  the  cooling  rate,  weld  penetration, 
material  distortion,  residual  stress  distribution,  and 
cracking  for  a  particular  component. 

The  newest  code  in  Sandia's  weld  analysis  effort  is 
called  PASTA  (Program  for  Application  to  Stress  and 
Thermal  Analysis)  3D,  an  upgrade  of  an  earlier  two- 
dimensional  code,  PASTA  2D. 

A  two-dimensional  code  assumes  that  variables  re- 
main constant  in  one  dimension.  PASTA  3D,  written  by 


A  Sandia  technician  welds  metal  as  diagnostic  equipment 
checks  the  work.  Specialists  are  devising  computer  codes  to 
advance  the  basic  understanding  of  welding  and  improve  weld- 
ing processes. 


James  F.  Lathrop  of  Sandia's  Scientific  Computing  and 
Applied  Math  Division,  is  three-dimensional  and  allows 
the  analyst  to  evaluate  temperatures  and  stresses  in 
more  complex  configurations.  For  example,  the  new  code 
will  be  used  to  predict  distortion  and  residual  stresses  in 
thin-section  welded  materials.  Metallurgist  Kim  W. 
Mahin  of  the  Joining  and  Physical  Metallurgy  Division 
and  Elizabeth  A.  Fuchs,  who  specializes  in  sensor  design 
in  the  Mechanics  of  Materials  Division,  are  now  working 
with  Lathrop  to  obtain  experimental  data  to  compare 
actual  temperature  and  stress  with  those  predicted  by 
the  code. 

PASTA  2D,  written  by  William  E.  Mason  Jr.  of  the 
Scientific  Computing  and  Applied  Math  Division  and 
William  S.  Winters  Jr.  of  the  Computational  Mechanics 
Division,  is  a  fully  coupled  thermomechanical  code.  This 
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means  it  models  both  heat  conduction  and  the  amount 
of  deformation  simultaneously.  This  is  significant  be- 
cause as  the  temperature  used  to  make  the  weld  changes, 
so  does  the  amount  of  deformation.  PASTA  2D  was  used 
successfully  to  predict  the  residual  stress  distribution  in 
an  axisymmetric  (stationary)  gas-tungsten-arc  weld  on 
304L  stainless  steel.  This  is  a  form  of  stainless  steel 
widely  used  in  the  commercial  world  that  is  made  mostly 
of  iron  along  with  chromium  and  nickel. 

Fluid  flow  weld  codes 

Other  important  welding  codes  under  development 
at  Sandia  analyze  fluid  flow.  Codes  written  by  Lee  A. 
Bertram,  a  Distinguished  Member  of  Technical  Staff  in 
the  Mechanics  of  Materials  Division  and  Michael  P. 
Kanouff  of  the  Thermal  and  Fluid  Mechanics  Division 
predict  the  shape  of  the  weld  pool  (the  shape  of  the 
molten  material  as  it  cools  and  solidified)  based  on 
convective  forces  and  temperature  distributions  in  the 
liquid.  Since  both  temperature  and  weld-pool  shape 
affect  residual  stress  in  welded  materials,  fluid-flow 
codes  are  essential  to  understanding  the  welding  pro- 
cess. 

To  make  such  predictions,  researchers  must  develop 
a  set  of  optimized  computer  codes  together  with  models 
representative  of  the  welding  process  and  material  be- 
havior. 

"You  want  to  be  able  to  run  these  problems  enough 
times  that  you  understand  what  factors  are  controlling 
the  welding  process,"  says  Kim  Mahin.  "If  I  understand 
what  influences  quality,  then  I  know  what  I  need  to 


control  during  the  weld  process  to  improve  yield  and 
quality.  That's  where  the  codes  in,"  she  says.  "I  can 
change  just  one  variable — such  as  welding  voltage  or 
current  or  arc  travel  speed — and  look  at  the  effect.  I 
typically  can't  do  that  experimentally  very  easily.  But 
with  a  computer  code,  I  can." 

The  welding  codes  have  a  variety  of  applications. 

Sandia  is  planning  a  Cooperative  Research  and 
Development  Agreement  (CRADA)  with  Pratt  & 
Whitney,  a  major  manufacturer  of  aircraft  engines. 
Sandia  will  provide  the  company  with  the  new  computer 
code  technology  and  Pratt  &  Whitney  will  show  Sandia 
how  to  efficiently  incorporate  the  code  into  a  manufac- 
turing assembly  line  to  control  the  quality  of  welded 
weapon  components.  United  Technologies  Research 
Center,  in  conjunction  with  Pratt  &  Whitney,  wants  to 
apply  the  computer  codes  to  advanced  alloys,  particu- 
larly in  the  welding  of  thin  sheets  of  metal.  □ 
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Optoelectronic  Shaft-Angle  Encoder  Tolerates  Misalignments 


Active  read  heads  track  grooves  and  pits  on  a  disk. 


An  optoelectronic  shaft-angle  encoder 
measures  the  angle  of  rotation  of  a  shaft 
with  high  precision  while  minimizing  the 
effects  of  eccentricity  and  other  misalign- 
ments. In  simplest  terms,  it  measures  rota- 
tion by  recording  the  passage  of  grooves 
on  a  reflective  disk  attached  to  the  shaft. 
Incorporating  many  features  of  compact- 
disk  recording  and  playback  technology, 
the  optoelectronic  shaft-angle  encoder 
contains  two  active  optical  read  heads  at 
approximately  diametrically  opposite  po- 
sitions. These  contain  optical  elements 
that  move  both  perpendicularly  to  the  sur- 
face of  a  disk  to  track  (to  maintain  focus 
upon)  its  surface  and  along  the  diameter 
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Figure  1.  Grooves  on  a  Disk  serve  as  refer- 
ence marks  to  locate  the  reading  heads 
and  measure  increments  of  rotation  of  the 
disk. 
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Figure  2.  The  Shaft-Angle  Encoder,  re- 
sembling an  optical  compact-disk  drive, 
includes  two  tracking  heads  that  illumi- 
nate the  grooves  on  the  disk  and  measure 
the  reflections  from  them. 

between  them  to  track  the  radial  positions 
of  the  grooves. 

The  grooves  on  the  disk  (see  Figure  1) 
include  a  continuous  inner  and  a  continu- 
ous outer  circular  groove  that  serve  as 
guard  bands.  Between  the  two  guard  bands 
are  circular  data  tracks  consisting  of 
grooves  interrupted  at  even  circumferen- 
tial intervals.  The  middle  track  is  divided 
into  a  maximum  number  of  intervals,  and 
the  number  of  intervals  in  each  of  the  other 
tracks  decreases  as  one  moves  radially 
inward  or  outward  toward  either  guard 
band.  As  the  shaft  is  rotated  at  a  constant 
rate  or  dithered,  the  outputs  of  each  read 
head  are  processed  to  determine  the  ra- 


dial position  of  the  optical  elements  within 
the  head  with  respect  to  this  pattern  of 
grooves  and  adjust  their  position  accord- 
ingly. Thus,  regardless  of  its  initial  radial 
position,  each  head  can  acquire  and  lock 
onto  a  view  of  the  middle  track,  which  is 
the  one  used  to  measure  the  smallest  in- 
crements of  rotation. 

Each  read  head  includes  a  small  laser, 
beam-steering  optics,  and  an  array  of  pho- 
todetectors (see  Figure  2).  One  of  the  op- 
tical components  is  a  lens  mounted  on  a 
bobbin  that  can  be  moved  up  or  down 
electromagnetically  to  track  the  surface  of 
the  disk.  The  lens  distorts  the  reflected 
light  in  such  a  way  that  variations  in  the 
distance  from  the  surface  give  rise  to  vari- 
ations among  the  illuminations  of  the  in- 
dividual photodetectors.  These  variations 
are  processed  into  feedback  signals  that 
are  used  to  maintain  the  vertical  position 
of  the  lens  at  the  focal  distance  from  the 
surface. 

A  beam  splitter  directs  the  illuminating 
light  through  the  lens  toward  the  disk  and 
directs  the  light  reflected  from  the  disk 
toward  the  photodetectors.  Actually,  the  il- 
luminating light  consists  of  three  beams, 
rather  than  one:  a  diffraction  grating  breaks 
two  flanking  beams  off  the  main  beam  and 
is  oriented  in  such  a  way  that  one  flank- 
ing beam  strikes  the  disk  slightly  cir- 
cumferentially  forward  and  radially  out- 
board of  the  main  beam,  while  the  other 
flanking  beam  strikes  the  disk  at  equal 
distances  circumferentially  rearward  and 
radially  inboard  of  the  main  beam.  The  ar- 
ray of  photodetectors  includes  two  flank- 
ing elements  that  receive  the  reflections 
of  the  flanking  beams.  The  radial  position 
of  the  optical  elements  within  the  head  or 
"the  bobbin"  relative  to  that  of  the  groove 
in  view  is  determined  by  comparison  of  the 
illuminations  falling  on  these  two  flanking 
elements,  and  this  position  is  adjusted  to 
keep  the  optical  elements  within  the  head 
or  "the  bobbin"  at  the  radius  of  the  groove 
by  a  feedback  scheme  conceptually  sim- 
ilar to  the  one  used  to  keep  the  lens  in 
focus. 

Once  the  encoder  has  been  set  up  and 
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its  automatic-alignment  features  have 
caused  it  to  lock  on  to  the  middle  groove, 
the  variations  in  outputs  from  the  two  read 
heads  are  averaged  and  interpreted  as  in- 
crements of  rotation.  Unlike  prior  optical 
shaft-angle  encoders,  which  do  not  include 
active  read  heads,  this  one  can  take  ad- 
vantage of  the  high  resolution  available  in 
compact-disk  or  laser-optical-disk  tech- 
nology. 


This  work  was  done  by  Eric  P.  Osborne 
of  Goddard  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13175/TN. 
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Detecting  Filler  Spaces  Under  Tiles 

An  eddy-current  probe  detects  hidden  seams,  steps,  and  holes  in  a  metal  substrate. 


An  eddy -current  probe  nondestructively 
and  indirectly  indicates  whether  screed  is 
present  under  ceramic  tile  on  an  aluminum 
substrate.  The  particular  eddy-current 
probe  is  intended  for  use  on  the  insulating 
tiles  on  the  Space  Shuttle,  but  the  eddy- 
current-probe  technique  has  many  poten- 
tial terrestrial  applications  in  nondestruc- 
tive testing. 

The  screed,  a  room-temperature-vul- 
canizing polymer  (RTV),  is  a  filler  that  pro- 
vides a  smooth  surface  for  bonding  the 
tiles  over  seams,  steps,  and  fasteners  in 
the  aluminum  substrate.  The  screed  can 
deteriorate  under  the  influence  of  spilled 
hydraulic  fluid,  tile-waterproofing  com- 
pound, and  wide-ranging  heat  cycles,  but 
there  is  no  way  of  ascertaining  from  the  ap- 
pearance of  the  tile  surface  whether 
screed  underlies  the  tile.  Sometimes,  it  is 
necessary  to  remove  tiles  where  screed 
may  possibly  be  present,  a  process  that 
takes  80  worker-hours  per  tile.  Often,  tiles 
are  removed  in  a  suspect  area  only  to  re- 
veal that  no  screed  has  been  used  there. 
Moreover,  tiles  are  frequently  damaged 
during  removal  and  replacement. 

With  the  new  probe,  screed  can  be  de- 
tected without  removing  tiles.  Only  about 
0.5  worker-hour  is  needed  to  evaluate  one 
tile.  If  screed  is  found,  the  tile  can  then  be 
removed  so  that  the  RTV  can  be  inspected 
and  repaired.  Unnecessary  removal  — 
and  potential  damage  —  is  eliminated. 


The  Transducer  Coil 
Excites  Eddy  Cur- 
rents in  the  aluminum 
substrate  material. 
The  response  ap- 
pears on  an  oscillo- 
scope or  meter. 
Changes  in  the  re- 
sponse indicate  spa- 
tially abrupt  changes 
in  the  substrate. 
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SPATIALLY  ABRUPT  CHANGES  IN  SUBSTRATE 


Pulsed  high-frequency  current  in  a  coil 
in  the  probe  induces  eddy  currents  in  the 
aluminum  substrate  (see  figure).  The  coil 
detects  the  magnetic  field  produced  by  the 
eddy  currents.  The  magnetic  field  can  be 
related  to  the  distance  between  the  probe 
(which  is  placed  on  the  outer  surface  of  the 
tile)  and  the  substrate,  and  thus  indicates 
indirectly  where  screed  is  present.  In  the 
prototype  instrument,  the  output  signal  of 
the  probe  is  displayed  on  an  oscilloscope, 
the  output  of  which,  in  turn,  could  be  fed  to 
a  digital  voltmeter.  In  demonstrations,  the 
prototype  produced  accurate  information 
about  the  configuration  of  the  substrate 
under  the  tiles.  It  gave  repeatable  results 
from  test  to  test  and  from  operator  to  oper- 
ator. 

This  work  was  done  by  Paul  Mende 
and  David  Shinkevich  of  Lockheed  Space 


Operations  Co.  and  John  Scheuer  of 
Lockheed  Missiles  and  Space  Co.  for 
Kennedy  Space  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Kennedy  Space  Center.  Refer  to 
KSC-11411/TN. 

John  F.  Kennedy 
Space  Center 

Technology  Utilization 
Officer  Thomas  M. 
Hammond 

Mail  Stop  PT-PMO-A 
Kennedy  Space 
Center,  FL  32899 
(407)  867-3017 
Patent  Counsel 
James  D.  Harrell 
Mail  Code  PT-PAT 
Kennedy  Space 
Center,  FL  32899 
(407)  867-2544 
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BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Weld-Bead  Profilometer  Rejects  Optical  Noise 

The  effect  of  ambient  light  is  reduced  by  pulsed  illumination  and  shuttering. 


An  optoelectronic  sensor  measures  the 
profile  of  a  weld  seam  or  weld  bead  along 
a  line  perpendicular  to  the  seam.  It  is  in- 
tended to  be  part  of  a  highly  automated 
welding  system,  in  which  it  will  be  used 
in  automatic  tracking  of  the  seam  or  auto- 
matic profiling  of  the  weld  bead  for  imme- 
diate evaluation  and  assurance  of  quality 
during  the  welding  process.  In  comparison 
with  prior  welding  optoelectronic  profilom- 
eters,  this  sensor  is  compact  and  much 
less  affected  by  such  optical  noise  as  the 
light  from  the  welding  arc. 

The  sensor  (see  figure)  illuminates  a  line 
across  the  weld  bead  with  a  pulsed,  fan- 
shaped  beam  of  light  from  a  laser  diode. 
The  pulses  are  200  ns  long,  with  a  peak 
power  of  200  W  Light  reflected  from  the 
illuminated  area  is  imaged  in  a  charge- 
coupled-device  camera,  the  shutter  of 
which  can  be  opened  during  times  as  short 
as  100  ns.  The  laser  pulse  is  synchronized 
with  the  opening  of  the  shutter  to  maximize 
the  amount  of  laser  light  integrated.  On  the 
other  hand,  keeping  the  opening  time  short 
reduces  the  amount  of  arc  light  integrated. 
The  net  effect  is  to  decrease  the  noise 
level  to  1/600  that  of  prior  sensors. 

The  sensor  operates  in  conjunction  with 
a  video  digitizer  and  a  computer.  By  use 
of  a  geometric  transformation  based  on 
the  position  and  orientation  of  the  camera 
with  respect  to  the  fan  of  light  and  the  work- 
piece,  the  computer  generates  a  transverse 
profile  of  the  weld  from  the  image  in  the 
camera.  The  profile  has  a  depth  resolu- 
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tion  of  <  0.001  in.  (0.025  mm)  and  a  trans- 
verse resolution  of  <0.002  in.  (0.05  mm). 
The  sensor  weighs  only  about  1.5  lb  (0.7 
kg).  It  acquires  30  profiles  per  second.  It 
can  operate  in  the  presence  of  strong  elec- 
tromagnetic interference  that  is  typical  of 
a  manufacturing  environment.  The  laser 
can  be  controlled  manually  or  automatical- 
ly. The  sensor  requires  little  maintenance 
other  than  cleaning  the  glass  windows  that 
protect  the  laser  and  the  camera.  Periodic 
recalibration  is  necessary  but  adds  little 


to  the  task  of  maintenance,  in  that  it  is  per- 
formed automatically  by  the  computer  on 
the  basis  of  a  known  test  pattern. 

This  work  was  done  by  Larry  Z  Kennedy 
of  Applied  Research,  Inc.,  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-26115/TN. 
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Sandia  National  Laboratory 


High-Temperature  Superconducting  Wire  Being 
Developed 


Two  national  laboratories  and  a  private  company 
are  working  together  to  develop  and  produce  high- 
temperature  superconducting  wire  designed  to  carry 
more  electrical  current  than  possible  today. 

Sandia  National  Laboratories,  Los  Alamos  National 
Laboratory,  and  Nuclear  Metals  Inc.  of  Concord,  Mass., 
entered  into  the  partnership  last  year,  and  work  is 
underway  to  produce  wire  from  a  ceramic  powder  com- 
posed of  yttrium,  barium,  and  copper  oxide. 

The  powder  is  manufactured  by  co-precipitation — a 
Sandia-patented  process.  The  wire  is  formed  when  the 
powder,  encapsulated  in  a  container  called  a  billet,  is 
forced  through  a  die  orifice  under  high  pressure — a 
process  called  co-extrusion.  Extrusion  is  done  at  high 
temperatures  because  both  the  metal  billet  and  the 
superconductor  are  less  resistant  to  deformation  when 
heated. 

Sandia  and  Nuclear  Metals  designed  the  billets,  and 
Nuclear  Metals  will  produce  large-scale  samples  of  the 
experimental  wires  on  its  extrusion  presses.  Sandia  will 
perform  small,  laboratory-scale  extrusions  and  mechan- 
ical tests  to  characterize  the  flow  properties  of  the 
materials  used  in  the  superconductors  and  billets. 

The  three-way  collaborative  program  is  designed  to 
use  the  individual  expertise  at  Los  Alamos,  Sandia,  and 
Nuclear  Metals,  says  project  leader  Tom  Bickel  of 
Sandia. 

Los  Alamos  researchers,  under  the  direction  of  Terry 
Wallace  of  the  Exploratory  Research  and  Development 
Center  (ERDC),  will  perform  tests  before  and  after  the 
experimental  production  to  determine  the  exact  compo- 
sition and  properties  of  the  components  and  the  wire. 


Los  Alamos  also  may  provide  high-temperature 
superconducting  bismuth  compounds  and  compounds 
containing  the  metallic  element  thallium,  if  required 
safety  measures  can  be  put  in  place. 

Sandia  will  undertake  mechanical  and  electrical 
characterization  studies  of  the  wire  as  part  of  its  Elec- 
tronic Materials  Applications  Division,  as  well  as  work 
with  Nuclear  Metals  in  the  billet  and  wire  process 
design. 

Participants  share  equally  in  financing  the  $800,000, 
three-year  project,  whose  aim  is  to  produce  a  commercial 
product. 

William  Nachtrab  heads  the  technical  team  at  Nu- 
clear Metals,  the  company  that  developed  a  process  to 
consolidate  powders  by  extrusion.  With  the  two  national 
laboratories  providing  materials  and  critical  expertise  to 
the  company,  the  first  of  the  new  superconducting  wires 
could  be  in  production  in  the  near  future.  As  a  small 
business  under  a  cooperative  research  and  development 
program,  Nuclear  Metals  will  receive  patent  rights  to  the 
resulting  superconducting  wire. 

Technical  contact:  Tom  Bickel,  505-845-9301.        D 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  26  No.  4 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

More  Research  Needed  for  High-Performance 
Concrete 


High-performance  concrete  -  stronger,  tougher,  and  more  durable  than  conventional  concrete  -  promises  to 
revolutionize  concrete  technology.  But  before  this  material  is  used  widely,  there  are  a  lot  of  questions  to  be 
answered.  NIST  and  the  American  Concrete  Institute  last  May  brought  concrete  experts  together  to  discuss  what  is 
needed  to  transform  concrete  technology  from  empiricism  to  a  technology  firmly  cast  in  materials  science  and 
structural  mechanics.  The  group  identified  critical  research  needs  for  high-performance  concrete,  such  as  improved 
mixture  proportioning  methods,  techniques  for  evaluation  of  performance,  and  testing  methods  for  strength  and 
other  mechanical  properties.  In  addition,  the  group  outlined  modifications  that  must  be  made  to  standards  and 
codes  and  institutional  barriers  that  must  be  overcome  to  permit  widespread  use  of  high-performance  concrete. 

FOR  ADDITIONAL  INFORMATION:  Outline  of  a  National  Plan  on  High-Performance  Concrete:  Report  on  the 
NISTIACI  Workshop,  May  16-18, 1990  (NISTIR  4465)  is  available  from  the  National  Technical  Information 
Service,  Springfield,  VA  22161;  (703)487^600.  Order  by  PB91-143321  for  $17  prepaid. 


♦ 


744 


Technology  Application 


Brookhaven  National  Laboratory 


Polymers  for  the  Future 


Brookhaven  National  Laboratory 
(BNL)  has  been  developing 
electroresponsive  polymers  for  the  last 
decade.  Their  latest  efforts  have  been 
in  collaboration  with  other  institutions, 
in  particular,  Polytechnic  University. 
Brookhaven's  special  contributions  are 
in  the  chemical  synthesis  and  charac- 
terization of  various  polymers,  as  well 
as  in  developing  applications. 
Polytech  focuses  on  synthesis  and 
characterization. 

Also  important  at  BNL  is  the 
availability  of  the  National  Synchrotron 
Light  Source  and  the  High  Flux  Beam 
Reactor  facilities  that  are  well-suited 
to  the  characterization  of  new 
polymers. 


Rubber  tires,  silk  blouses,  nylon  stock- 
ings and  vinyl  seat  covers— these  items 
are  examples  of  everyday  uses  of 
polymers.  In  the  years  ahead, 
polymers  of  a  different  kind— electro- 
responsive  polymers--are  likely  to  be 
just  as  common  to  day-to-day  living,  in 
such  objects  as  super  batteries  and  op- 
tical switches.  Other  potential  uses 
range  from  connectors  for  severed 
nerves  to  artificial  vision  systems. 
Such  applications  could  be  achieved  by 
implanting  or  growing  electronic  con- 
ductors directly  in  living  tissue.  The 
conductors,  of  course,  would  have  to 
be  biocompatible.  For  more  informa- 
tion on  BNL  polymers,  contact  Bill 
Marcuse,  (516)  282-2103. 
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Perm/  National  Accelerator  Laboratory 


Simple  Method  for  Fusing  Plastic  Fibers 


Fiber  tracking  and  calorimeters  using  scintillating  plastic  fibers  may  require  bonding  fibers  together  with  good 
optical  coupling.  A  new  technique  developed  at  Fermilab  is  very  successful  in  fusing  plastic  fibers  with 
consistently  good  optical  coupling  that  transmits  photons  with  better  man  95%  efficiency. 

The  technique  is  simple  but  very  effective  in  melting  and  fusing  plastics  in  a  small  confined  region.  The  fiber 
pieces  are  inserted  into  fused  silica  glass  tubing  with  slightly  larger  inner  diameter  than  the  diameter  of  the  plastic 
fibers.  One  of  the  fibers  is  fixed  in  position  while  a  slight  inward  pressure  is  applied  to  the  other  fiber  during  the 
fusion.  The  junction  area  is  heated  by  a  small  resistive  coil  surrounding  the  region.  It  takes  about  15  seconds  for 
the  fiber  to  cool  and  be  released  from  the  glass  tubing,  due  to  the  differential  thermal  contraction  of  the  fiber  and 
highly  polished  surface  of  the  glass.  Neither  the  heating  temperature  nor  the  time  is  very  critical. 

This  technique  has  been  tested  and  has  proved  more  successful  than  using  solvents  and  a  variety  of  epoxies  which 
have  given  inconsistent  results  and  substantial  light  loses.  The  technology  is  publicly  available  without  a  license. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.  Refer  to  FAA-612/TN. 
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Fast-Acting  Rubber-to-Coated-Aluminum  Adhesive 

This  strong  adhesive  makes  clamping  unnecessary. 


A  cyanoacrylate  adhesive  used  to  join 
rubber  to  coated  aluminum  is  easier  to  apply 
and  more  effective  than  was  the  neoprene- 
based  adhesive  used  previously.  The  neo- 
prene-based  adhesive  had  to  be  mixed  from 
two  components,  allowed  to  set,  then  mixed 
frequently  while  it  was  applied.  Two  coats 
were  needed,  and  the  final  coat  had  to  dry 
for  several  hours  before  the  mating  parts 
were  put  together.  The  parts  were  then 
clamped  together  for  1  to  2  h.  The  old  ad- 
hesive bonded  well  in  the  laboratory  but 
failed  repeatedly  when  used  in  a  produc- 
tion environment.  Many  times,  the  entire 
length  of  the  rubber  fell  off  and  had  to  be 
rebonded. 

The  cyanoacrylate  adhesive,  in  contrast, 
is  a  one-part  material  that  can  be  applied 
in  a  single  coat  to  aluminum  that  has  been 
treated  previously  with  an  epoxy  primer  and 
a  top  coat.  The  parts  can  be  mated  as  soon 
as  the  adhesive  has  been  applied;  no  dry- 
ing is  necessary.  The  adhesive  sets  in  5  min. 
Optionally,  an  accelerator  can  be  brushed 


onto  the  aluminum  to  reduce  the  setting 
time  to  30  s.  Clamping  the  parts  together 
then  becomes  unnecessary. 

Specimens  of  rubber  bonded  to  alumi- 
num with  the  new  adhesive  were  tested  for 
strength  after  exposure  to  room  tempera- 
ture, high  temperature  and  high  humidity, 
subzero  temperature,  methyl  ethyl  ketone 
vapor,  and  water.  Reel-test  specimens  failed 
in  the  rubber,  showing  that  the  bond  was 
stronger  than  the  rubber  itself  was.  In  lap 
shear  tests,  specimens  failed  in  the  primer, 
showing  that  the  bond  was  also  stronger 
than  the  primer  and  top  coat  were. 

The  adhesive  comes  in  four  formulations, 
all  based  on  ethyl  cyanoacrylate  with  vari- 
ous amounts  of  ethylene  copolymer  rubber, 
poly(methyl  methacrylate),  silicon  dioxide, 
hydroquinone,  and  phthalic  anhydride: 

•  Type  I  —  toughened,  medium  viscosity, 
black; 

•  Type  II  —  toughened,  low  to  medium  vis- 
cosity, black; 

•  Type  III  —  toughened,  low  viscosity,  white; 


and 
•  Type  IV  —  toughened,  high  viscosity,  clear 

to  slightly  cloudy. 

This  work  was  done  by  Dawn  A.  Comer, 
Howard  Novak,  and  Mark  Vazquez  of 
United  Technologies  for  Marshall  Space 
Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28434/7N. 
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Patent  Counsel 

Leon  D.  Wofford,  Jr. 
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(205)  544-0024 
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Making  Solid  Aromatic  Polyimide  Fibers 

Under  proper  spinning  conditions,  voids  are  eliminated. 


An  improved  wet-spinning  process 
makes  aromatic  polyamic  acid  fibers  that 
contain  no  voids  and  can  be  converted  to 
polyimide  fibers  that  are  also  free  of  voids. 
When  made  by  prior  wet-spinning  process- 
es, such  fibers  contain  voids.  The  elimina- 
tion of  voids  has  been  found  to  improve 
tensile  strength  and  other  tensile  proper- 
ties. The  improved  polyimide  fibers  should 
prove  useful  in  protective  clothing,  sealing 
materials,  filters  for  harsh  chemical  and/or 
thermal  environments,  and  other  applica- 
tions that  take  advantage  of  their  excellent 
chemical  resistance,  high  thermal  stability, 
and  good  tensile  properties. 

The  polyamic  acid  is  derived  from  3,3' 
4,4-benzophenone-tetracarboxylic  dian- 
hydride  (BTDA)  and  4,4'oxydianiline  (ODA). 
This  polyamic  acid  is  dissolved  in  dimethyl 
acetamide  to  make  the  spinning  resin.  In 
wet  spinning,  the  resin  is  poured  into  a 
stainless-steel  cylinder/piston  assembly 
and  extruded  through  a  spinneret  into  a  co- 
agulation liquid.  The  solidifying  polyamic 
acid  filament,  in  what  is  called  "wet  gel" 
form,  is  drawn  through  the  coagulation  liq- 


quid  onto  a  first  set  of  cluster  rolls,  through 
a  water  bath,  over  a  second  set  of  cluster 
rolls,  and  onto  a  glass  or  stainless-steel 
spool.  The  spooled  wet  gel  filament  is  dried 
in  a  forced-air  or  vacuum  oven,  then  con- 
verted to  polyimide  fiber  by  further  heating 
in  a  forced-air  oven. 

The  major  difference  between  the  im- 
proved process  and  older  processes  lies  in 
the  choice  of  the  compositions  and  con- 
centration of  the  coagulation  liquid,  the  in- 
herent viscosity  of  the  resin,  the  percent  of 
solids  in  the  resin,  and  the  diameter  of  the 
filament  to  obtain  a  wet  gel  without  voids. 
Coagulation-liquid  and  water-bath  temper- 
atures and  drying  oven  conditions,  chosen 
to  assure  good  collapse  of  the  wet  gel  into 
fiber  form,  affect  the  production  of  solid 
fibers  to  a  lesser  extent.  Experiments  have 
shown  that  to  produce  solid  (that  is,  void- 
free)  fibers  in  the  coagulation  bath,  it  is 
necessary  to  provide  the  following  condi- 
tions: 
•  The  resin  should  have  a  minimum  inherent 

viscosity  of  at  least  1.6  dl/g  and  at  least  15 

percent  solids. 


•  The  coagulation  liquid  should  be  an  aque- 
ous solution  of  either  70  to  75  percent  of 
ethylene  glycol  or  70  to  80  percent  of  eth- 
anol  at  a  temperature  of  20  °C. 

•  Filament  diameters  should  generally  be 
kept  below  50  ysn. 

This  work  was  done  by  Anne  K.  St.  Clair 
and  Robert  E.  Ely  of  Langley  Research 
Center  and  William  E.  Dorogy  Jr.,  of  PRC. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center. 
Refer  to  LAR-14162/TN. 


Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Polyamide-lmides  Made  From  BTDA 

Mechanical  properties  are  better  than  those  of  the  LARC-TPI  polyimide. 


A  new  synthesis  results  in  an  improved 
class  of  tough,  thermally  stable  polyimides 
containing  amide  linkages.  The  new  poly- 
amide-imides  are  potentially  useful  as  ma- 
trix resins  in  graphite-reinforced  struc- 
tures, and  as  fibers  or  coating  films  that 
can  withstand  high  temperatures. 

The  synthesis  of  a  polyamide-imide  of 
the  new  type  (see  figure)  begins  with  the 
reaction  of  isomers  of  diaminobenzanilide 
(DABA)  with  3,3',4,4'-benzophenonetetra- 
carboxylic  dianhydride  (BTDA).  The  re- 
sulting polyamide-acid  is  then  thermally 
converted  to  the  polyamide-imide.  In  ex- 
periments, the  initial  reactions  were  car- 
ried out  in  a  closed  vessel  at  room  temper- 
ature at  15  to  20  percent  solids  content  in 
N,N-dimethyl  acetamide  (DMAc).  The  solu- 
tions were  stirred  for  about  4  hours  after  all 
the  BTDA  had  dissolved  in  the  DMAc.  The 
polyamide-acid  solutions  were  stored  in  a 
refrigerator  until  thermal  conversion  to  the 
final  polymers.  For  comparison,  the  poly- 
imide LARC-TPI  was  synthesized  by  the 
same  procedure  from  3,3',4,4'-BTDA  and 
3,3  '-diaminobenzophenone.  (LARC-TPI 
was  chosen  as  a  standard  of  comparison 
because  it  has  a  similar  molecular  struc- 
ture and  is  already  well  known.) 

Film  specimens  of  the  experimental  pol- 
yamide-acids  were  cast  from  solution. 
Other  specimens  were  prepared  as  pow- 
ders, which  were  then  molded  and  cut  into 
specimens  for  tension  and  fracture-tough- 
ness tests.  The  film  and  molding  speci- 
mens were  heated  to  convert  them  to  the 


final  polyamide-imides.  Chemical,  thermal, 
and  mechanical  properties  of  the  speci- 
mens were  then  measured. 

The  new  polymers  were  found  to  have 
high  glass-transition  temperatures,  high 
thermal  and  oxidative  stability,  and  high  re- 
sistance to  organic  solvents  (other  than 
DMAc)  and  water.  Polymers  based  on  un- 
substituted  amide  diamines  were  also  ob- 
served to  exhibit  high  inherent  viscosities, 
and  were  easily  made  into  tough,  flexible 
films.  However,  films  of  N-methyl  substi- 
tuted amide-imides  were  brittle,  and  one  of 


them  even  exhibited  signs  of  solubility. 

Overall,  the  thermomechanical  properties 
of  the  experimental  polyamide-imides  were 
similar  or  superior  to  those  of  LARC-TPI.  A 
notable  exception  was  the  one  synthesized 
from  4,4'-DABA/BTDA,  which  exhibited  a 
very  high  tensile  modulus  and  evidence  of 
being  semicrystalline. 

This   work  was  done  by  James  F. 
Dezem  of  Langley  Research  Center. 
LAR-13942/TN 
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Linear,  Aromatic. Polyimide/ 
Amides  are  synthesized  from 
isomers  of  DABA  with  3,3',4,4'- 
BTDA.  The  new  polymers  have 
thermal  and  mechanical  prop- 
erties similar  to  those  of  the 
more  familiar  polyimide  LARC- 
TPI,  which  has  a  similiar  mo- 
lecular structure,  except  that  it 
does  not  have  the  amide  link- 
ages. 
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Tough,  High- Performance,  Thermoplastic  Addition  Polymers 

A  series  of  addition-type  thermoplastics  exhibit  useful  propenies. 


The  development  of  such  toughened 
high-performance  thermosetting  polymers 
as  toughened  epoxies,  bismaleimides 
(BMI's),  PMR  polyimides,  and  acetylene- 
terminated  resins  dominates  the  present 
approach  to  the  preparation  of  new  poly- 
mer composites.  Of  several  possible 
toughening  methods,  the  synthesis  of  addi- 
tion-type thermoplastics  (ATT's)  is  consid- 
ered to  be  a  very  attractive  approach. 

An  ATT  is  a  polymer  that  has  an  addition- 
curing  reaction  that  leads  to  a  linear  mo- 
lecular structure.  It  is  nonclassical  in  that  it 
has  similarities  to  two  major  classical  cate- 
gories: thermosets  (addition  curing  with 
crosslinked  structures)  and  thermoplastics 
(condensation-reaction  curing  with  linear 
structures).  Because  of  their  addition  cur- 
ing and  linear  structure,  ATT  polymers  can 
have  toughness,  like  thermoplastics,  and 
can  be  easily  processed,  like  thermosets. 
Work  was  therefore  undertaken  to  develop 
a  chemical  reaction  that  forms  stable  aro- 
matic rings  in  the  backbone  of  an  ATT  poly- 
mer, thereby  combining  high-temperature 
performance  and  thermo-oxidative  stabili- 
ty with  toughness  and  easy  processibility, 
and  minimizing  or  eliminating  the  necessity 
for  the  tradeoffs  among  properties  often 
observed  in  conventional  polymer  synthe- 
ses. 

Tough,  high-performance  polyimides 
were  made  by  reacting  triple  bonds  con- 
jugated with  an  aromatic  ring  in  bisethynyl 
compounds  with  the  active  double  bonds 
in  compounds  that  contained  double 
bonds  activated  toward  the  formation  of 
Diels-Alder  type  adducts,  especially  bis- 
maleimides, biscitraconimides,  benzo- 
quinones,  and  mixtures  thereof.  (Addition 
curing  of  these  products  produced  highly 
linear  polymeric  structures,  and  heat  treat- 
ment of  the  highly  linear  polymeric  struc- 
tures produced  thermally  stable  aromatic 
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Selected  Graphite-Fiber/Polymer  Composites  show  desirable  combinations  of  properties. 


addition-type  thermoplastic  polyimides.) 
By  varying  the  types  and  ratios  of  the 
reagents,  an  entire  series  of  thermoplastic 
polyimides  and  composites  (see  table) 
were  produced. 

A  variety  of  tests  and  comparisons  were 
conducted,  using  the  new  resins  and  com- 
posites made  with  them.  Single  lap-shear 
bond  specimens  were  prepared  and  test- 
ed, using  titanium  adherends.  LaRC-RP80, 
for  example,  showed  significantly  higher 
adhesive  properties  than  did  state-of-the- 
art  bismaleimides.  It  was  found  to  be  signi- 
ficantly tougher  than  the  constituent  poly- 
mers are,  and  it  ranked  highest  in  toughness 
among  those  bismaleimides  that  have 
comparable  glass-transition  temperatures. 
The  neat  LaRC-RP80  resin  loses  only  5  per- 
cent of  its  weight  at  a  temperature  of 
514  °C,  representing  the  highest  thermo- 
oxidative  stability  of  bismaleimides  ob- 
served to  date.  LaRC-RP80  also  exhibited 
outstanding  resistance  to  moisture.  Typi- 
cal bismaleimides  have  equilibrium  mois- 
ture absorptions  that  range  from  4  to  6  per- 
cent. A  value  of  2.6  percent  was  obtained 
for  LaRC-RP80. 

Prepregs  were  prepared  by  winding 
AS-4  unsized  graphite  yarn  on  a  drum,  then 
brushing  on  the  resin.  The  quantity  of  the 
resin  solution  was  calculated  to  yield  fin- 
ished composites  containing  60  volume 


percent  fiber.  Ten  composites  were  made 
by  this  procedure,  using  various  resins. 
The  table  gives  the  properties  of  the  com- 
posites. These  resins  are  expected  to  find 
utility  in  a  wide  variety  of  aerospace  and  in- 
dustrial applications,  including  the  prepa- 
ration of  molding  compounds,  adhesive 
compositions,  and  polymer-matrix  com- 
posites. 

This  work  was  done  by  Ruth  H.  Pater, 
K.  Mason  Proctor,  and  John  Gleason  of 
Langley  Research  Center,  Cassandra 
Morgan  of  PRC-Kentron,  and  Richard 
Partos  of  Analytical  Services  and 
Materials,  Inc. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center. 
Refer  to  LAR-10000/TN. 
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Lightweight  Composite  Core  for  Curved  Composite  Mirrors 

Complicated  figure  errors  due  to  thermal  stresses  would  be  reduced. 


A  new  type  of  composite  core  material 
for  curved  composite  mirrors  has  been  pro- 
posed. In  comparison  with  honeycomb  and 
other  lightweight  core  materials,  this  struc- 
ture is  less  mechanically  anisotropic,  can 
be  tailored  to  have  less  distortion  due  to 
temperature  changes,  is  naturally  vented, 
and  is  easily  fabricated.  This  core  material 
also  conforms  readily  to  spherical  and  pa- 
raboloidal  curvatures  and  can  be  fabricated 


Figure  1.  Strips  Cut  From  Corrugated 
Sheets  of  graphite/epoxy  are  bonded 
together  at  crests  and  valleys. 

in  large  sizes  (1.0  to  2.0  meters  or  larger). 
The  core  material  is  made  of  corrugated 
strips  of  cured  grapfiite-reinforced  epoxy 
oriented  perpendicularly  to  each  other  and 
bonded  together  (see  Fig.  1)  The  core  is 
sandwiched  and  bonded  between  two  con- 
cave facesheets  (see  Fig.  2).  It  will  con- 
form to  the  highly  curved  mirror  facesheets 
with  low  bending  stresses.  If  the  face- 
sheets  and  the  core  materials  are  tailored 
to  have  the  same  thermal  expansion  coef- 
ficient, thermal  distortions,  which  give  rise 


Corrugated-Strip 
Core 


Figure  2.  A  Corrugated-Strip  Core  like  that  shown  in  Figure  1  would  be  bonded  to  a 
curved  mirror  and  to  a  face  sheet,  forming  a  supporting  structure  for  the  mirror. 


to  complicated  figure  errors,  can  be  mini- 
mized. 

The  development  of  corrugated-strip 
core  material  continues.  Researchers  are 
seeking  the  best  adhesive,  bonding  meth- 
od, and  corrugation  width  and  will  evaluate 
the  thermal  and  mechanical  properties  of 
various  cores. 

This  work  was  done  by  Christopher  C. 
Porter,  Paul  J.  Jacoy,  and  Wesley  P. 
Schmitigal  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NP0-17858/TN. 


Jet  Propulsion  Lab. 
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NIST  Technology  Update    5C 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

NIST/ASM  Complete  Alloy  Phase  Diagram  Program 


Marking  the  completion  of  a  successful  $10  million  program  between  government  and  industry,  officials  from  ASM 
International  presented  the  second  edition  of  the  Binary  Alloy  Phase  Diagrams  to  NIST  on  March  26,  199 1 .  The  three- 
volume  compendium,  designed  to  help  engineers  and  materials  users  worldwide,  contains  more  than  3,000  alloy  phase 
diagrams  -  "road  maps"  describing  what  happens  when  two  elements  are  combined  at  various  temperatures.  The  data 
represent  the  results  of  a  10-year  effort  by  ASM  and  NIST  to  assess  the  quality  of  all  previous  work  in  the  field.  Under 
a  1981  agreement,  NIST  was  responsible  for  providing  quality  control  and  technical  guidance  to  more  than  50  technical 
experts  worldwide.  ASM  raised  $4  million  from  industry  to  support  the  program.  The  new  edition  replaces  a  smaller 
one,  which  had  become  an  internationally  accepted  source  of  critically  evaluated  standard  reference  data  on  alloy  phase 
diagrams. 

FOR  ADDITIONAL  INFORMATION:  For  information,  contact  the  Alloy  Phase  Diagram  Program,  ASM  International, 
Materials  Park,  OH  44073;  (216)338-5151. 
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Sandia  National  Laboratory 

Thin-Film  Surface  Area  Measurable  With  Record 
Sensitivity 


Improving  on  a  decades-old  method,  scientists  at 
Sandia  National  Laboratories  have  patented  a  highly 
accurate  method  to  directly  measure  the  surface  area  of 
minute  samples  of  porous,  thin  films. 

The  technique  has  important  implications  for  many 
technological  areas  including  the  microelectronics,  gas- 
separation,  optics,  and  solar-cell  industries,  which  use 
thin  films  extensively  in  their  manufacturing  processes. 

The  new  technique  is  10,000  times  more  sensitive 
than  existing  commercial  instruments  and  provides  ac- 
curate measurements  on  samples  as  small  as  0.2  square 
centimeters — about  half  the  surface  area  of  a  pencil 
eraser.  Commercial  BET  systems  require  samples  with 
total  surface  areas  of  about  the  size  of  a  small  desktop  to 
make  accurate  measurements. 

The  technique  owes  its  sensitivity  to  the  use  of  a 
solid-state  sensor  called  a  surface  acoustic  wave  (SAW) 
device,  which  never  before  has  been  used  to  measure 
thin-film  surface  area: 

The  powerful  new  technique  can  also  be  used  to 
determine  the  pore-size  distribution  of  thin  films,  an  aid 
in  the  design  of  highly  specific  chemical  sensors,  more 
effective  catalysts,  and  gas  separation  membranes. 

Increasing  technological  importance 

Thin  films,  which  may  be  made  of  polymers,  ceram- 
ics, or  composites,  range  from  a  few  angstroms  (one 
ten-millionth  of  a  millimeter)  to  a  few  micrometers  (one 
thousandth  of  a  millimeter)  in  thickness.  They  are  of 
increasing  technological  and  commercial  importance  and 
have  a  multitude  of  applications  in  microelectronics, 
optics,  and  solar  energy.  As  devices  become  increasingly 
smaller  and  thin  layers  of  materials  are  required,  thin- 
film  characterization  gains  importance. 

The  Sandia  technique  combines  a  SAW  device  with 
the  so-called  BET  method — a  surface  area  measurement 
technique  that  was  developed  in  the  1930s  by  Brunauer, 
Emmett,  and  Teller.  The  basic  premise  of  the  BET 
method  is  that  a  porous  material  will  absorb  nitrogen  gas 
in  measurable  quantities  proportional  to  its  surface  area. 
As  originally  devised,  the  method  involved  placing  the 
material  to  be  characterized  in  a  flask,  weighing  it, 
exposing  it  to  nitrogen  at  its  boiling  point,  and  then 
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Schematic  of  surface  acoustic  wave  device  and  experimental 
setup,  10,000  times  more  sensitive  than  existing  instruments. 


measuring  the  flask  again.  Using  the  weight  difference 
and  the  surface  area  for  one  molecule  of  nitrogen,  the 
surface  area  of  the  sample  can  be  calculated. 

The  classic  BET  technique  is  still  used  successfully 
for  powders  with  extremely  large  surface  areas  such  as 
the  silica  gel  often  packed  with  electronic  equipment  or 
leather  goods  to  absorb  moisture.  A  few  grams  (less  than 
an  ounce)  of  silica  gel  contains  thousands  of  square 
meters  of  surface  area — as  much  as  several  football 
fields. 

One  of  the  drawbacks  of  equipment  that  exists  today 
to  carry  out  BET  measurements  is  that  it  is  incapable  of 
discerning  the  small  weight  changes  that  result  from 
materials  with  low  total  surface  area,  as  in  the  case  with 
most  thin  films. 

"The  weight  change  just  isn't  big  enough  to  see  using 
commercially  available  techniques,"  says  Tony  Ricco,  a 
chemist  in  Sandia's  Microsensor  Division.  Commer- 
cial BET  systems  require  samples  with  total  surface 
areas  of  at  least  10,000  square  centimeters  to  make 
measurements. 

Lithographically  patterned  transducers 

Ricco,  chemical  engineer  Greg  Frye,  and  electrical 
engineer  Steve  Martin  have  found  that  the  sensitivity  of 
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a  SAW  device  permits  the  measurement  of  minute 
samples.  SAW  devices  use  transducers  lithographically 
patterned  on  a  piezoelectric  substrate  to  launch  and 
detect  acoustic  waves.  These  waves  interact  with  solids, 
liquids,  and  gases  on  the  SAW  device's  surface,  provid- 
ing information  about  the  material's  characteristics. 

After  leaving  the  launching  transducer  at  one  end  of 
the  SAW  device,  the  wave  travels  along  the  length  of 
the  sensor.  Along  the  way,  the  physical  properties  of  a 
material  on  the  device's  surface  alter  the  speed  and/or 
amplitude  of  the  passing  wave.  When  the  wave  arrives 
at  the  other  end  of  the  device,  the  receiving  trans- 
ducer converts  the  acoustic  wave  back  into  an  electrical 
signal  that  conveys  information  about  the  wave's 
characteristics. 

In  the  Sandia  experiment,  the  SAW  device  used  is 
about  10  millimeters  long  and  eight  millimeters  wide. 

Can  measure  20-picogram  changes 

When  exposed  to  nitrogen  gas,  a  thin  film  on  the 
surface  of  the  SAW  device  absorbs  nitrogen  and  in- 
creases in  mass,  slowing  down  the  acoustic  wave  as  it 
travels  along  the  surface.  The  slowing  of  the  wave  causes 
the  oscillation  frequency  to  decrease,  and  this  change  is 
recorded  by  a  frequency  counter.  The  film  is  exposed  to 
varying  concentrations  of  nitrogen  gas — achieved   by 


mixing  it  with  helium  gas — to  obtain  the  required  data 
for  carrying  out  the  BET  analysis. 

The  SAW  device  can  measure  a  mass  change  as 
small  as  20  picograms  (a  picogram  is  one  trillionth  of  a 
gram)  while  a  standard  BET  system  can  only  measure 
mass  changes  on  the  order  of  1  million  picograms.  This 
sensitivity  translates  to  more  accurate  measurement  of 
much  smaller  surface  areas.  "Our  method  can  measure 
mass  changes  10,000  times  smaller  than  currently  avail- 
able," Martin  says. 

Inquiries  about  the  transfer  of  this  technology  from 
Sandia  to  the  private  sector  are  welcomed  and  should 
refer  to  patent  number  4947677.  Technical  contact: 
Tony  Ricco,  telephone  505-846-4947.  o 
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Measurements  of  Exhaled  Breath  Using  a  New 
Portable  Sampling  Method 


Introduction 

EPA'sTEAM  Study  (1)  of  human  exposure 
to  VOCs  has  always  included  measure- 
ments of  exhaled  breath  to  determine  time- 
integrated  dose  and  to  confirm  that 
exposure  measurements  have  included  all 
important  routes  of  exposure.  The  original 
method  used  in  all  TEAM  Studies  between 
1979  and  1987  employed  a  van-mounted 
spirometer  (2).  The  principle  of  the  method 
was  to  collect  about  40  L  of  expired  air  in  a 
bag  and  then  pull  the  air  across  two  Tenax 
cartridges  for  later  analysis  by  gas 
chromatography-mass  spectrometry  (GC- 
MS).  The  subject  breathed  clean  air  sup- 
plied by  a  cylinder  in  the  van.  Normal 
breathing  was  employed,  and  all  the  exhaled 
air  was  collected;  thus  the  exhaled  air  was  a 
mixture  of  alveolar  air  and  air  from  the  upper 
airways,  or  "deadspace"  area. 

The  above  method  was  employed  to  col- 
lect breath  samples  from  about  800  people 
in  eight  cities  during  the  1979-1987  period. 
The  method  had  several  important  ad- 
vantages, including  (1)  transportability-the 
van  drove  to  people's  homes  to  reduce  the 
burden  on  them  of  supplying  a  sample;  and 
(2)  simplicity  of  breathing  technique-un- 
trained persons  from  5  to  85  had  little  difficul- 
ty giving  samples. 

However,  three  important  disadvantages 
of  the  method  were  also  identified: 

(1)  Although  the  time  to  provide  40  L  of 
breath  was  only  about  5-6  minutes,  the  total 
cycle  time  (time  to  complete  one  breath 
sample  and  be  ready  to  collect  another)  was 
about  20  minutes.  In  situations  where 
repeated  breath  measurements  are 
desirable,  this  represents  an  irreducible  limit 
on  frequency  of  collection. 

(2)  The  breathing  technique  resulted  in  a 
mixture  of  alveolar  air  with  the  clean  inhaled 
air  that  failed  to  penetrate  the  alveolar  region 
("deadspace  air").  Thus  the  actual  alveolar 
concentration  would  be  higher  than  the 
measured  concentration  by  an  unknown 
factor,  depending  on  the  relative  proportion 
of  deadspace  air  for  each  subject. 

(3)  The  amount  of  bulky  equipment  re- 
quired (cylinder  of  clean  air,  40-L  bags, 
pumps)  reduced  the  ability  to  collect 
samples  at  any  time  and  place  desired. 

Therefore  EPA  decided  to  develop  a  new 
method  for  sampling  exhaled  breath.  The 
performance  goals  of  the  new  method  were 
as  follows: 


(1)  Reduce  the  sampling  time  to  1-2 
minutes  and  the  cycle  time  to  5  minutes. 

(2)  Collect  alveolar  air  predominantly. 

(3)  Be  portable  with  no  power  require- 
ments. 

Following  development  and  laboratory 
testing  of  the  method,  it  was  employed  in 
field  studies  of  exposure  to  common 
microenvironments  with  suspected  high 
concentrations  of  certain  toxic  or  car- 
cinogenic VOCs.  Following  exposure, 
volunteers  supplied  repeated  breath 
samples  over  a  period  of  2-4  hours.  The 
goals  of  the  study  were  to  measure  con- 
centrations of  a  number  of  VOCs  in  common 
microenvironments,  and  determine  the  up- 
take of  these  VOCs  in  the  body  and  their 
subsequent  excretion. 

Results 

Development  of  the  Method 

The  new  method  includes  the  following 
fundamental  components: 

(1)  A  charcoal  cartridge  to  clean  ambient 
air  as  a  source  of  inhaled  air.  This  eliminates 
the  need  to  provide  a  separate  source  of 
clean  air. 

(2)  A  critical-orifice  canister  to  collect  a 
known  volume  of  expired  air  in  1  -2  minutes. 
This  eliminates  the  need  for  a  pump  and  the 
associated  power  requirements. 

(3)  A  long  narrow  tube  to  isolate  alveolar 
air  from  deadspace  air  for  the  majority  of  the 
breath  cycle  time. 

The  procedure  for  collecting  a  breath 
sample  is  as  follows:  following  adjustment  of 
the  system  to  the  correct  height,  the  par- 
ticipant dons  pinch-type  nose  clamps  to 
prevent  nose-breathing,  and  places  his/her 
mouth  tightly  over  a  previously  sterilized 
mouthpiece  unit  and  breathes  as  normally 
as  possible.  (Due  to  resistance  from  the 
valves  and  the  breath  containment  tube, 
breathing  is  probably  slower  and  deeper 
than  normal-this  should  enhance  the 
proportion  of  alveolar  air  collected.)  As  the 
participant  inhales,  air  is  pulled  through  two 
charcoal-filled  respirator  cartridges 
mounted  in  parallel.  Four  full  breaths  are 
taken  before  sample  collection  begins  in 
order  to  clear  the  spirometer  and  the  partic- 
pant  airways  of  ambient  air  trace  chemicals. 
The  inhaled  air  passes  through  the  unidirec- 
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tional  inhale  valve  and  into  the  lungs;  ex- 
haled air  passes  through  the  unidirectional 
exhale  valve  and  the  sampling  port  into  the 
breath  containment  tube.  Following  com- 
pletion of  the  fourth  breath,  the  canister  valve 
is  opened  and  pressure-driven  flow  com- 
mences through  the  fixed  needle  orifice. 
The  orifice  is  designed  to  collect  1 .4  L  of  air 
in  about  1.5  minutes,  at  which  time  the 
canister  valve  is  closed. 

Breath  Measurements  Using  the 
New  Method 

Previous  TEAM  Studies  have  indicated 
that  consumer  products  and  personal  ac- 
tivities, particularly  in  enclosed  spaces 
(microenvironments)  provide  the  major 
sources  of  exposure  to  many  VOCs  (3). 
Only  limited  data  are  available  on  the 
thousands  of  consumer  products  and 
hundreds  of  different  microenvironments 
where  exposure  can  occur.  Even  fewer  data 
are  available  showing  the  uptake  and  excre- 
tion of  VOCs  during  and  after  exposure  in 
these  microenvironments.  Therefore  a 
study  was  planned  to  screen  a  number  of 
possible  high-exposure  microenviron- 
ments, consumer  products  and  personal  ac- 
tivities. A  small  number  of  these  would  then 
be  selected  for  study  of  exposure,  uptake, 
and  excretion  of  a  number  of  target  com- 
pounds for  several  volunteer  subjects. 

Summary  and  Conclusions 

A  new  portable  alveolar  breath  sampling 
method  suitable  for  environmental  (ppb) 
concentrations  of  many  VOCs  has  been 
developed  and  tested  in  the  laboratory  and 
in  field  experiments.  The  system  can  be 
carried  and  set  up  by  a  single  technician, 
requires  no  power,  and  collects  98-99%  al- 
veolar breath  samples  in  1-2  minutes  from 
untrained  participants  of  any  age  above  5. 
Organic  compounds  more  volatile  than 
n-dodecane  are  recoverable  with  95+%  ef- 
ficiency. Less  volatile  compounds  can  also 
be  measured  using  a  slightly  longer  (2 
minutes)  conditioning  period.  The  ability  to 
collect  many  samples  in  rapid  succession 
following  exposure  should  greatly  improve 
our  understanding  of  the  uptake  and  decay 
characteristics  for  a  large  number  of  VOCs. 

Thirty-two  common  microenvironments 
(homes,  cars,  garages,  shops)  were 
screened  for  elevated  concentrations  of  24 
VOCs.  Many  of  these  microenvironments 
were  found  to  have  elevated  concentrations 
of  multiple  VOCs.  Six  microenvironments 
were  selected  for  exposure  studies  involving 
four  volunteers.  Breath  concentrations  of  21 
VOCs  were  sufficiently  elevated  to  allow  cal- 
culating residence  times  in  the  blood  and  a 
second  compartment  of  the  body.  These 
measurements  are  among  the  first  that  have 
allowed  direct  observation  of  decay  times  for 
blood  concentrations  resulting  from  ex- 
posure to  common  environmental  sources. 
The  measured  decay  times  agree  well  with 


theoretical  predictions  of  a  pharmacokinetic 
model  developed  in  conjunction  with  earlier 
TEAM  Study  results. 

Recommendations 

The  breath  sampling  method  could  be 
further  miniaturized.  Additional  VOCs  com- 
monly found  in  breath  (e.g.,  ethane  and 
acetylene)  should  be  tested  for  applicability 
to  this  method.  Extension  of  the  method  to 
polar  compounds  would  also  be  desirable. 
Investigating  more  fully  the  factors  affecting 
the  fraction  of  whole  breath  represented  by 
alveolar  air  will  enable  the  whole  breath 
measures  collected  in  previous  TEAM 
Studies  to  be  better  interpreted.  Additional 
study  of  VOC  concentrations  in  other  com- 
mon microenvironments  will  help  fill  in  our 
knowledge  of  how  and  where  people  are 
exposed  to  VOCs.  Additional  exposure  and 
breath  decay  experiments  for  the  same  and 
additional  VOCs  will  provide  information 
needed  to  estimate  exposures  from  breath 
measurements  and  vice  versa.  The  effect  of 
physiological  characteristics  (body  build, 
exercise,  breathing  rate,  etc.)  on  residence 
time  in  the  blood  and  other  compartments 
should  be  studied.  The  pharmacokinetic 
model  should  be  tested  on  a  set  of  different 
participants  exposed  to  the  same  chemicals 
to  determine  the  usefulness  of  the  model. 
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Resource  for  Biomedical  Sensor  Technology 


The  Resource  for  Biomedical  Sensor 
Technology  in  Cleveland,  Ohio,  ap- 
plies the  latest  techniques  in  silicon- 
based  microelectronic  fabrication  to 
the  development  of  biomedical  micro- 
sensors.  It  also  provides  assistance  to 
scientists  in  their  biomedical  research 
and  related  instrumentation  research 
either  as  a  service  or  by  collaborating 
in  scientific  studies. 

The  resource's  primary  objective  is 
the  development  of  sensors  that  can 
be  used  to  monitor  biological  systems. 
Sensors  currently  under  development 
at  the  resource  include  pressure  sen- 
sors, temperature  sensors  and  elec- 
trochemical sensors  that  measure 
oxygen,  carbon  dioxide,  or  pH. 

"In  biological  or  clinical  environ- 
ments one  can  use  a  sensor  that  will 
produce  an  electronic  signal  whose 
magnitude  is  proportional  to  the  con- 
centration of  the  chemical  compound 
one  is  dealing  with,"  says  resource  di- 
rector Dr.  Chung-Chiun  Liu,  profes- 
sor of  chemical  engineering  at  Case 


Western  Reserve  University. 

"The  key  challenge  is  making  the 
sensors  specific  for  the  compounds 
one  wishes  to  measure,"  says  Dr. 
Janie  Fouke,  director  of  the  resource's 
education  and  training  programs. 

Funded  by  the  Biomedical  Research 
Technology  Program  of  the  National 
Center  for  Research  Resources,  the  re- 
source is  part  of  the  Electronics  De- 
sign Center  at  Case  Western  Reserve 
University.  "We  carry  out  core  re- 
search, but  one  of  our  major  functions 
is  to  carry  out  collaborative  research 
with  investigators  outside  the  univer- 
sity and  to  provide  services  such  as 
the  dissemination  of  devices  or  tech- 
nologies," Dr.  Liu  says. 

"There's  no  such  thing  as  a  univer- 
sal sensor,"  he  says.  "The  technology 
is  there,  but  for  every  specific  need  a 
sensor  has  to  be  specially  designed." 

Most  of  the  sensors  developed  so 
far  are  used  in  vitro,  but  the  goal  of 
many  current  research  programs  is  to 
develop  sensors  for  in  vivo  use,  the 


Resource  director  Dr.  Chung-Chiun  Liu 
and  engineer  Laurie  Dudik  (at  right) 
inspect  a  pressure  sensor  pattern 


produced  by  a  computer-aided 
automatic  scriber. 
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researchers  say. 

"Sensors  are  not  only  important 
tools  that  help  understanding  of  fun- 
damental physiological  phenomena, 
but  are  also  important  for  patient 
care,"  Dr.  Liu  says. 

One  of  the  projects  under  way  at 
the  resource  is  the  development  of  a 
sensor  that  can  be  temporarily  placed 
in  an  artery  to  provide  a  continuous 
reading  of  blood  gases  during  sur- 
gery. "For  that,  one  needs  a  tiny  sen- 
sor," says  Dr.  Fouke.  "Once  we  have 
determined  a  good  design  for  a  sen- 
sor that  is  stable  and  insensitive  to 
body  temperature  changes,  we  have 
to  miniaturize  it  in  our  microelec- 
tronic fabrication  facility,"  she 
explains. 

Scientists  at  the  resource  are  also 
collaborating  with  several  outside  re- 
searchers to  develop  a  continuous  glu- 
cose monitoring  system  that  can  be 
used  in  con|unction  with  an  insulin 
delivery  system.  None  of  the  implant- 
able insulin  pumps  currently  on  the 
market  is  tied  in  with  a  glucose  moni- 
toring system.  "We  are  developing  a 
sensor  that  can  measure  glucose,  and 
the  output  of  that  sensor  will  control 
the  insulin  pump.  We  are  working 
with  several  different  investigators 
who  have  different  ideas  about  the 
best  way  to  build  a  glucose  sensor 
that  one  can  put  inside  the  body,"  Dr. 
Fouke  says. 

So  far,  none  of  the  glucose  monitor- 
ing systems  being  developed  is  ready 
to  be  tested  in  patients. 

A  pressure-monitoring  system  for 
patients  with  hydrocephaly,  a  disor- 
der in  which  there  is  an  abnormal 
buildup  of  cerebrospinal  fluid  in  the 
brain,  is  also  under  development  at 
the  resource. 

"We  want  to  measure  pressure  con- 
tinuously, and  when  the  pressure 
goes  higher  than  a  certain  preset 
value,  we  want  the  monitoring  system 
to  open  up  a  valve  and  drain  the  ex- 
cess fluid  off,  for  example,  into  the 
stomach,"  says  Dr.  Fouke,  who  is  as- 
sociate professor  of  biomedical  engi- 
neering at  Case  Western. 

The  pressure  sensor  system  has 
been  tested  in  animals  and  is  ex- 
pected to  enter  clinical  trials  soon. 

Sensors  as  small  as  20  micrometers 
(1  micrometer  is  one-millionth  of  1 


meter,  which  is  1.1  yard)  can  be  fabri- 
cated in  the  resource's  state-of-the-art 
clean  room  and  microelectronic  fabri-        g 
cation  facilities.  \ 

The  sensors,  barely  perceptible  to 
the  naked  eye,  are  built  using  micro- 
scopes and  computer-aided  technol- 
ogy. A  sensor  may  consist  of  a  single 
metal  such  as  gold  or  platinum  or  may 
contain  alternating  layers  of  insulat- 
ing materials  such  as  silicon  dioxide 
and  conducting  materials  that  direct 
the  flow  of  electrons. 

The  deposition  of  the  metal  layer 
can  usually  be  done  by  thick  and  thin 
film  techniques.  The  thick  film  tech- 
nique is  similar  to  silk  screening  a 
logo  on  a  T-shirt  with  special  metal 
ink  such  as  gold  or  platinum  inks. 
The  thin  film  technology  is  more  in- 
volved; it  uses  a  high  vacuum  system 
to  vaporize  the  metal  at  low  pressure 
and  then  the  designed  pattern  is 
formed  using  other  microelectronic 
fabrication  techniques  such  as  chemi- 
cal and  plasma  etching  methods. 

A  more  complex  electrode  might  re- 
quire multiple  layers  of  metal  and  in- 
sulating materials,  Dr.  Fouke 
explains.  f 

According  to  the  investigators,  sen- 
sors will  have  an  important  role  in  the 
health  care  delivery  system  of  the  fu- 
ture and  will  take  over  many  of  the 
routine  monitoring  jobs  now  done  by 
health  care  personnel.  "In  the  long 
run,  sensors  will  be  used  for  continu- 
ous monitoring  at  home  and  in  the 
operating  room  to  provide  proper  care 
at  a  low  price,"  Dr.  Liu  says. 

Proposed  collaborative  and  service 
projects  are  reviewed  for  technical 
merit  and  scientific  significance.  Once 
approved,  the  resource  will  carrv  out 
the  project  at  no  cost  to  the 
investigator. 
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Technology  Application 


Pacific  Northwest  Laboratory 


Q-Endoscreen 


Q  fever,  highly  infectious  and  some- 
times fatal,  annually  afflicts  thousands 
of  people  world-wide.  Until  now,  it 
has  proved  extremely  difficult  to  diag- 
nose. The  Pacific  Northwest 
Laboratory,  in  cooperation  with 
Washington  State  University  and  the 
University  of  New  Mexico,  have 
developed  a  new  detection  method 
that  enables  quick,  safe,  and  accurate 
on-the-spot  identification  of  the  elusive 
disease.  The  procedure,  called  Q-En- 
doscreen, is  used  to  detect  Coxiella 
burnetii,  a  bacterium  that  (depending 
on  the  strain  present)  can  cause  either 
an  acute  febrile  illness,  commonly 
known  as  Q  fever,  or  a  chronic  en- 
docarditis that  is  usually  fatal  to 
humans. 

Q-Endoscreen  meets  an  urgent  need 
for  a  safe,  quick  diagnostic  test;  there 
is  currently  no  other  method  available 
for  differentiating  between  the  dif- 
ferent strains  of  C.  burnetii.  Physicians 
will  find  Q-Endoscreen  a  valuable  tool: 

•  It  is  fast.  Test  results  are  avail- 
able in  12  to  26  hours,  compared 
with  two  to  three  weeks  for  diag- 
nosis by  alternative  methods. 

•  It  is  safe.  Growth  and/or  isola- 
tion of  C.  burnetii  is  extremely 
hazardous,  but  this  test  does  not 
require  that  a  technician  be  ex- 
posed to  viable  bacteria. 


•  It  is  sensitive  and  precise,  detect- 
ing as  few  as  two  C.  burnetii  cells 
in  a  biological  sample,  and  it  is 
capable  of  determining  the  na- 
ture of  the  infection  by  differen- 
tiating between  strains  which 
cause  Q  fever  and  those  which 
can  cause  the  chronic  endocar- 
ditis. 

Battelle's  technology  will  also  be  ex- 
tremely valuable  to  veterinarians.  Q 
fever  can  be  transmitted  to  humans 
who  are  in  the  vicinity  of  infected 
animals.  The  Q-Endoscreen  test 
provides  the  ability  to  determine  on 
short  notice  which  animals  harbor  G 
burnetii,  and  whether  certain  species, 
or  herds,  are  serving  as  natural  reser- 
voirs for  chronic  disease-causing 
strains  that  infect  humans. 

Q-Endoscreen  was  recognized  by  Re- 
search &  Development  magazine  as 
one  of  the  top  100  technologies 
developed  in  the  United  States  during 
1989.  Initial  work  has  been  done  using 
radioactive  markers.  Battelle  is  seek- 
ing a  licensee  to  tailor  the  Q-En- 
doscreen technology  for  use  with  non- 
radioactive markers,  and  incorporate 
the  combination  into  a  diagnostic  kit 
for  widespread  clinical  and  veterinary 
use.  The  complete  sequence  of  the 
key  DNA  fragments  has  been  deter- 
mined. For  additional  information, 
contact  Alex  Fassbender  at  (509)  375- 
2225. 
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sa 


Veterans  computer 

Administration  Software 


Using  Computer  Graphics  to  Simulate  Surgery 


Patients  with  movement  disabilities  frequently  undergo  surgical  reconstructions 
aimed  at  improving  their  limb  function.  Stroke  patients,  for  example,  often  un- 
dergo tendon  transfer  surgeries.  During  this  surgery,  a  tendon  is  detached 
from  one  location  and  re-attached  to  another,  in  order  to  improve  the  patient's 
ability  to  walk  or  grasp. 

Although  surgical  reconstructions  sometimes  improve  funtiiop^ 
dures  can  compromise  the  capacity  of  the  muscles  to  generate  forcer  Patients 
that  cannot  generate  enough  muscle  force  are  left  with weak  or  dysfunctional 
limbs. 

Now,  using  software  developed  at  the  VA  Rehabilitation  R&D  Cetffa 
Alto,    CA,    researchers    can    simulate    musculoskeletal    reconstructions    and 
evaluate  their  biomechanical  effects.  Surgery  simulations  can  give  insight  into 
the  potential  consequences  of  surgical  technique  before  performing  an  actual 
operation. 

A  computer-graphics  workstation  (Silicon  Graphics  Iris  4D/25)  displays: ia 
realistic  model  of  the  human  skeleton  and  the  muscles  and  tendons  that  attach 
to  it.  This  computer  model  can  be  altered  according  to  a  particular  surgical 
technique.  The  results  of  the  alterations  are  then  displayed.  For  instance,  a 
tendon  transfer  can  be  simulated  by  graphically  moving  a  tendon  attachment 
from  one  location  on  the  limb  to  another.  The  computer  model  then  deter- 
mines how  this  simulated  surgery  affects  the  muscle  forces  and  other 
biomechanical  variables.  These  effects  then  appear  in  graphical  farm  on  the 
display  screen.:::::: 

The  surgery  simulation  and  modelling  software  is  now  being  tested  at  four 
universities  in  a  wide  range  of  applications.  At  the  University  of  Teias,  Austin, 
Department  of  Physical  Education,  it  is  being  used  to  analyze  human  jumping. 
In  the  Department  of  Bioengineering  at  Arizona  State  University,  it  is  being 
used  to  simulate  normal  and  pathologic  walking.  At  the  University  of  Califor- 
nia, Davis,  it  is  being  used  in  the  Mechanical  Engineering  Department  to 
analyze  shoulder movement.  And,  in  the  Department  of  Integrative  Biology  at 
the  University  of  California,  Berkeley,  it  is  being  used  to  develop models  of 
other  animals. 

The  authors  of  the  software  and  the  technology  transfer  staff  are  now  exploring 
the  possibility  of  distributing  this software  through  commercial  channels.  For 
information  about  patent  rights  and  licensing,  call  Al  Sacks  at  (415)  493-5000, 
ext.  4475, 


< 
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Biomedical  Computing: 
Imaging 


Autoradiographic  Image 
Processing  Center 


Principal  Investigator: 
Oleh  Tretiak,  Sc.D. 

Image  Processing  Center 

Drexel  University 

32nd  and  Chestnut  Streets 

Philadelphia,  Pennsylvania  19104 

(215)895-2214 

FAX:   (215)892-1414 


Research  Emphasis 

•  Data  Achievable  with  Resource 's 
Methodologies:  The  laboratory  develops 
algorithms  for  use  in  basic  biological 
research  with  emphasis  on  the  method- 
ological needs  of  neurobiology.  Examples 
of  the  type  of  data  extractable  with  the  soft- 
ware designed  at  the  center  are:  high-pre- 
cision maps  of  neurotransmitter  receptors; 
distribution  maps  of  specific  mRNA;  deter- 
mination of  metabolic  rates  for  brain  subre- 
gions;  and  identification  of  sites  of  binding 
of  pharmaceuticals. 

•  Current  Research:  The  overall  emphasis 
of  the  center  is  on  quantitative  imaging  for 
neurobiology.  Some  current  research  pro- 
jects are:  artificial  intelligence  techniques  for 
pattern  recognition  and  automated  panel- 
lation of  brain  structures;  quantification 
techniques  for  analysis  of  microautoradio- 
grams;  correction  methods  for  the  differen- 
tial ^H-quenching  between  white-  and 
gray-matter;  and  development  of  new 
quantitative  descriptors  of  distribution 
maps. 

•  New  Concept/Capability:  Image  pro- 
cessing techniques  are  used  to  extract  and 
quantify  data  from  biological  images  with 


high  precision.  In  collaboration  with  biology 
labs,  we  are  examining  applications  of 
these  techniques  to  a  range  of  new  prob- 
lems. 

1.  Tretiak,  O.  J.  and  Bhasin,  S.,  A  dialect 
for  imaging  and  graphics.  In  Advances  in 
Human  Interface  Design  (Klinger,  A.,  ed.). 
New  York,  New  York:  Plenum  Press.  In 
press. 

2.  Waks,  A.  and  Tretiak,  O.  J.,  Recognition 
of  regions  in  brain  sections.  Journal  of 
Computerized  Medical  Imaging  and 
Graphics  14:341-352,  1990. 

3.  Hou,  J.  T.  and  Tretiak,  O.  J.,  Image' reg- 
istration with  complex  line  moments.  In 
Computer  Applications  to  Assist  Radiology: 
Proceedings  of  SCAR  90  (Aresenson,  R.  L. 
and  Friedenberg,  R.  M.,  eds.).  Carlsbad, 
California:  Symposia  Foundation,  pp.  625- 
654,  1990. 

4.  McEachron,  D.  L,  Gallistel,  C.  R.,  and 
Tretiak,  0.  J.,  Issues  in  quantitative  imag- 
ing. In  Three-Dimensional  Neuroimaging 
(Toga,  A.  W.,  ed.).  New  York,  New  York: 
Raven  Press,  1990,  pp.  39-72. 

5.  Waks,  A.  and  Tretiak,  O.  J.,  Robust 
detection  of  region  boundaries  in  a 
sequence  of  images.  Proceedings  of  the 
10th  International  Conference  on  Pattern 
Recognition  (June,  1990).  Los  Alamitos, 
California:  IEEE  Computer  Society  Press. 
Vol.  I,  pp.  947-953. 

6.  Shivaramakrishnan,  K.  and  Tretiak,  O.  J., 
Database  management  in  autoradiography. 
Journal  of  Computerized  Medical  Imaging 
and  Graphics  13:115-135,  1989. 


Research  Capabilities 

•  Hardware:  Two  Silicon  Graphics  sys- 
tems, a  4D220  and  personal  IRIS,  as  well 
as  80286/80386  and  Macintosh  fx,  llci  and 
Ilex  machines  are  used  for  algorithm  devel- 
opment. Image  acquisition  and  analysis 
stations  use  80386  or  Macintosh  machines 
coupled  to  Circon  CCD  cameras. 

•  Software:  DUMAS,  an  application  for  the 
analysis  of  autoradiograms,  is  available 
from  the  center.  This  program  runs  on  IBM- 
AT  clones  under  the  Xenix  operating  sys- 
tem. A  version  of  this  software  for  the 
Macintosh  will  soon  be  released. 

•  Service  Personnel:  Resource  personnel 
advise  on  and  assist  in  image  processing 
tasks  and  collaborate  in  research  efforts. 

•  User  Laboratory  Space:  Two  image  pro- 
cessing workstations  are  available  for  use 
by  the  research  community. 

•  User  Contact  Person:  Jonathan 
Nissanov,  Ph.D.,  (215)  895-1 381 . 
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Biomedical  Computing: 
Imaging 


Developmental  Resource 
for  Biophysical  Imaging 
Opto-Electronics 


Principal  Investigator: 
Watt  W.  Webb,  Sc.D. 

Applied  and  Engineering  Physics 

Clark  Hall 

Cornell  University 

Ithaca,  New  York  14853-2501 

(607)  255-3331 

FAX:   (607)255-7658 


Research  Emphasis 

•  Data  Achievable  with  Resource 's 
Methodologies:  Quantitative  optical 
microscopy  methods,  particularly  local  fluo- 
rescence intensity,  quantitative  three- 
dimensionally  resolved  image  acquisition  for 
low  signal  strengths  are  available  with 
state-of-the-art  capability.  New  develop- 
ments provide  sensitive  motion  detection  of 
microscopic  objects  at  nanometer  scales, 
and  three-  dimensional  imaging  of  UV 
excitable  fluorescent  indicators  using  two- 
photon  excitation  in  laser  scanning 
microscopy  (LSM). 

Current  new  concept  research  on  instru- 
ments includes  developments  of  tech- 
niques and  applications  methods  for  two- 
photon  excitation  of  UV  excitable  chro- 
mophores  in  LSM  and  application  of  the 
micron  scale  cell  surface  organelle  motions. 
Detection  and  tracking  of  cell  surface 
receptor  molecule  motions  on  live  cells 
using  brilliant  fluorescent  markers  is 
achieved  automatically  on  thousands  of 
receptors  simultaneously  with  better  than 
30  nm  resolution. 

•  Current  Research:  Measurements  of  cell 
surface  receptor  mobility,  receptor  dynam- 
ics, second  messenger  (Ca2+)  responses, 
cytoskeletal  structures  in  motility.  Calcium 
ion  distribution  to  intracellular  organelles, 
chromosome  orientation,  and  nuclear  loca- 
tion in  developing  embryos  are  typical  of 
ongoing  collaborative  research. 

1.  Winfried,  D.  and  Webb,  W.,  Optical  mea- 
surement of  picomenter  displacements  of 
transparent,  microscopic  objects.  Applied 
Optics  29:2382-2391 ,  1990. 


2.  Winfried,  D.,  Strickler,  J.  H.,  and  Webb, 
W.  W.,  Two-photon  laser  scanning  fluores- 
cence microscopy.  Science  248:73-76, 
1990. 

3.  Webb,  W.  W.,  Wells,  K.  S.,  Sandison,  D. 
R.,  and  Strickler,  J.,  Criteria  for  quantitative 
dynamical  confocal  fluorescence  imaging. 
In  Optical  Microscopy  for  Biology  (Herman, 
B.  and  Jacobson,  K.,  eds.).  New  York,  New 
York:  Wiley-Liss,  Inc.,  1990,  pp.  73-108. 

4.  Millard,  P.  J.,  Ryan,  T.  A.,  Webb,  W.  W., 
and  Fewtrell,  C,  Immunoglobulin  E  recep- 
tor cross-linking  induces  oscillations  in 
[Ca2+]j  in  individual  tumor  mast  cells. 
Journal  of  Biological  Chemistry  264: 1 9730- 
19739,  1989. 

Resource  Capabilities 

•  Instruments:  Laser  scanning  confocal 
microscopes  (LSCM)  optimized  for  preci- 
sion quantitative  imaging  of  fluorescent 
indicators  with  three-dimensional  resolu- 
tion. Two-photon  excitation  of  UV  excitable 
fluorophores  and  photolyzable  reagents 
with  3-D  confocal  equivalent  point  resolu- 
tion in  laser  scanning  microscopy  (LSM). 
Image  intensified  electro-optical  wide  field 
image  digital  acquisition  with  digital  image 
analysis  at  up  to  10  frames/second. 
Fluorescence  photobleaching  recovery 
(FPR)  measurements  of  fluorophore  diffu- 
sion with  either  pattern  photobleaching  or 
3-D  bleaching  recovery  using  two-photon 
photolysis  for  ellipsoidal  bleaching. 
Microinterferometer  for  ultimate  sensitivity 
to  subnanometer  scale  measurements  of 
displacements  of  microscopic  structures 
including  phase  objects. 


•  Facilities:  Optical  microscopy  instru- 
ments with  supporting  image  acquisition 
and  data  analysis  online  computer  capabili- 
ty. Cell  culture  laboratory  for  sustained  or 
primary  cell  cultures.  Elementary  dissection 
facilities. 

•  Service  Personnel:  Resource  staff  avail- 
able for  consultation,  instruction,  and  col- 
laborative research  suitable  for  resource 
capabilities.  Cell  culture  technician  and  staff 
familiar  with  the  instruments  are  available  to 
assist  with  experiments  in  the  facilities. 
Consultation  on  electro-optical  microscope 
instrumentation  design,  operation,  selec- 
tion, and  experimental  utilization  is  a  prima- 
ry function  of  this  developmental  resource. 
Pilot  experiments  and  technique  develop- 
ment projects  accommodated.  Because 
most  resource  technology  is  developmen- 
tal, not  user-friendly,  and  necessarily  adapt- 
ed for  each  specific  experiment,  long-term 
projects  are  usually  best  undertaken  as  col- 
laborations. 

•  User  Laboratory  Space:  Limited  support 
laboratories  for  cell  culture  preparations 
and  biochemical  treatments  are  available. 
Equipped  darkrooms,  shops,  and  compu- 
tational facilities  available  by  arrangement. 

•  User  Contact  Persons:  Dave  Piston, 
Ph.D.,  and  resource  staff,  (607)  255-0663; 
Eleanor  Kable,  M.S.,  cell  biologist,  (607) 
255-3919;  Watt  W.  Webb,  Sc.D.,  director, 
(607)  255-3331 ;  FAX:  (607)  255-7658. 


i 


759 


Biomedical  Computing: 
Genetic  Analysis 


Human  Genetic  Analysis 
Resource 


Principal  Investigator: 
Robert  C.  Elston,  Ph.D. 

Department  of  Biometry  and  Genetics 
Louisiana  State  University  Medical  Center 
New  Orleans,  Louisiana  70112 
(504)568-6150 
FAX:   (504)568-2026 


Research  Emphasis 

•  Data  Achievable  with  Resource 's 
Methodologies:  The  resource's  software 
package,  SAGE,  may  be  used  to  analyze 
family  data  to  determine:  whether  the  vari- 
ability of  a  trait,  either  quantitative  or  quali- 
tative, is  significantly  due  to  Mendelian  seg- 
regation at  a  single  genetic  locus;  whether 
there  is  association  between  a  quantitative 
trait  and  a  known  polymorphic  genetic 
marker;  the  order  of  a  set  of  genetic  marker 
loci  along  a  chromosome;  and  whether 
there  are  genetic  loci  linked  to  a  known 
genetic  marker  that  underlie  variability  in  a 
trait. 

•  Current  Research:  Theoretical  develop- 
ment of  statistical  methods  for  the  analysis 
of  family  data,  especially  to  detect  and 
identify  genetic  components  that  underlie 
disease  susceptibility.  Incorporation  of 
these  methods  into  appropriate  computer 
programs,  making  these  programs  general- 
ly available  to  other  human  geneticists  in  a 
well-documented  and  user-friendly  form. 
Testing  the  validity,  power,  and  robustness 
of  the  statistical  procedures,  especially 
against  alternative  environmental  causes  for 
familial  aggregation.  Application  of  these 
methods  and  programs  in  collaborative 
projects  to  identify  single  genes  that  play  a 
major  role  in  the  etiology  of  various  dis- 
eases. 

•  New  Concept/Capability:  Advances  in 
both  molecular  and  statistical  genetics  dur- 
ing the  last  two  decades  make  it  feasible 
now  to  detect  and  map  genes  involved  in 
common  diseases  upon  which  the  environ- 
ment may  have  a  major  influence,  as  well 
as  the  genes  underlying  rarer  monogenic 


diseases  upon  which  the  environment  may 
have  a  much  smaller  influence.  By  making 
available  the  fully  portable,  well-document- 
ed SAGE  program  package,  collaborative 
assistance,  a  newsletter  ("SAGE  Advice"), 
and  short  courses,  the  resource  facilitates 
the  identification  and  chromosome  map- 
ping of  such  genes  by  research  workers 
engaged  in  the  collection  of  family  data. 

1.  Amos,  C.  I.  and  Elston,  R.  C,  Robust 
methods  for  the  detection  of  genetic  link- 
age for  quantitative  data  from  pedigrees. 
Genetic  Epidemiology  6:349-360,  1989. 

2.  Wilson,  A.  F.,  Tanna,  V.  L.  Winokur,  G., 
et  al.,  Linkage  analysis  of  depression  spec- 
trum disease.  Biological  Psychiatry 
26:163-175,  1989. 

3.  Amos,  C.  I.,  Elston,  R.  C,  Wilson,  A.  F., 
and  Bailey-Wilson,  J.  E.,  A  more  powerful 
robust  sib-pair  test  of  linkage  for  quantita- 
tive traits.  Genetic  Epidemiology  6:435- 
450,  1989. 

4.  Tanna,  V.  L,  Wilson,  A.  F.,  Winokur  G., 
and  Elston,  R.  C.,  Linkage  analysis  of  pure 
depressive  disease.  Journal  of  Psychiatric 
Research  23:99-107,  1989. 

Resource  Capabilities 

•  Hardware:  DEC  VAXcluster  system  con- 
sisting of  a  VAX  881 0  and  a  VAX  1 1  /780. 
The  system  includes  a  star  coupler,  an 
HSC-50  intelligent  storage  controller,  two 
RA82  622  Mbyte  disk  drives,  an  RA81  456 
Mbyte  disk  drive,  and  a  TA81  1600/6250 
bpi  dual-density  tape  drive.  Other  peripher- 
als include  a  Printronix  300  line/minute 
printer/plotter  and  two  Talaris  8 
page/minute  laser  printers.  Twenty-six  ter- 
minals and  two  2400  baud  modems  are 


connected  to  the  VAXcluster  system 
through  four  DECserver  200's  on  an 
Ethernet  network.  The  network  also  sup- 
ports an  Apple  Macintosh  II  with  an 
EtherTalk  interface,  a  3  1/2  inch  floppy 
drive,  a  40  Mbyte  hard  drive,  and  an  exter- 
nal 360  Kbyte  5  1/4  inch  drive. 

•  Software:  The  VAXcluster  systems  soft- 
ware includes  VAXA/MS,  FORTRAN  77, 
and  DECnet.  Mathematical  and  statistical 
packages  include  BMDP,  IMSL,  and  SAS. 
Software  for  the  Mac  II  includes  Fortran  and 
TSSNet.  Special  resource  software:  SAGE; 
a  program  package  to  perform  statistical 
analysis  for  genetic  epidemiology,  written  in 
ANSI  standard  Fortran  77.  It  is  processor 
and  operating  system  independent  and 
does  not  require  any  programming  by  the 
user.  Development  continues  for  expanded 
versions. 

•  Special  Features:  Resource-developed 
and  distributed  software  program  package 
SAGE.  Short  course  organized  annually  to 
promote  training  and  dissemination  of 
genetic  analysis  methodologies. 

•  Service  Personnel:  Programmers  per- 
form software  development  and  system 
maintenance.  The  research  staff  develop 
new  methodologies,  address  questions 
concerning  applications,  and  collaborate 
with  users  of  the  resource  software. 

•  User  Laboratory  Space:  Limited  space  is 
available  for  visiting  investigators. 

•  User  Contact  Persons:  Joan  E.  Bailey- 
Wilson,  Ph.D.,  (504)  568-8083;  Brenda  B. 
Galle  and  Lieu  D.  Tran,  (504)  568-4404. 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Intramuscular  Contact  Lead  Filled  With  Conductive  Solution 

The  solution  would  maintain  electrical  conduction  even  when  wires  fail. 


A  proposed  sheath  for  a  braided-wire  intramuscular  con- 
ductor would  preserve  electrical  continuity  even  if  the  wire 
breaks,  as  such  wires  often  do  because  of  corrosion  and 
repeated  flexing  in  the  chemically  and  mechanically  active 
environment  of  the  human  body.  Such  braided  wires  are  used 
to  deliver  electrical  stimuli  to  muscles  in  biomedical  research 
on  human  and  animal  physiology,  the  development  of  pros- 
theses, the  regeneration  of  nerves  and  muscles,  and  artificial 
implants. 

The  sheath  would  be  a  tube  of  polyethylene  terephthalate 
(Mylar  or  equivalent)  or  other  plastic  and  would  be  surround- 
ing a  braided  titanium  or  platinum  wire  (see  figure).  The  sheath 
would  contain  an  electrically  conductive  (e.g.,  salt)  solution  so 
that  the  wire  is  immersed  in  a  conductive  liquid.  The  solution 
would  wet  the  wire  but  not  the  sheath.  If  the  wire  should  break 
at  any  point  along  its  length,  the  liquid  would  maintain  electrical 
conduction,  and  the  wire  could  still  deliver  electrical  pulses. 
The  electrically  insulating  sheath  would  prevent  electrical 
leakage  to  the  surrounding  tissue. 

The  sheathed  wire  would  be  implanted  surgically  with  the 
aid  of  a  device  that  resembles  a  catheter.  According  to 
calculations,  the  stress  of  a  representative  0.4-in.  (0.1 -cm) 


Porous  Titanium 
Electrode,  0.080  in.. 


Conductive  Liquid 
m  Interstices 


Wire:  Strands 

ol  Ti  or  PI, 

Mylar  (or  Equivale 

Each  0.002  in. 

Polyethylene 

or  Less  in 

Terephthalate 

Diameter 

Sheath 

A  Plastic  Sheath  Would  Surround  a  conductive  solution  in  which  a 
braided  wire  would  be  immersed.  At  the  end  of  the  cable,  the  wire  and 
sheath  would  be  crimped  together  and  press-fit  in  a  porous  titanium 
electrode. 

diameter  sheath  bent  to  a  2-in.  (5-cm)  radius  would  be  5.000 
lb/in.2  (34  MPa),  the  endurance  limit  of  Mylar. 

This  work  was  done  by  Robert  M.  Bamford  and  James  A. 
Hendrickson  of  Caltech  for  NASA's  Jet  Propulsion  Laboratory. 
NPO-17186/TN 


♦ 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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MASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Protecting  Helmets 
and  Visors  From 
Chemicals 

An  outer  layer  stops  chemical 
attack. 


A  thin  layer  of  polysulfone  on  poly- 
carbonate safety  helmets  and  visors 
protects  them  from  attack  by  chemicals. 
Developed  to  protect  space-suit  hel- 
mets from  spacecraft  propellants  like 
hydrazine  and  nitrogen  tetroxide,  the 
polymer  coat  may  also  be  useful  in 
industrial  safety  helmets. 

The  polysulfone/polycarbonate  lami- 
nate has  high  resistance  to  creep  under 
tension  load.  It  retains  its  dimensional 
stability  when  exposed  to  moisture.  The 
added  polysulfone  layer  does  not  ad- 
versely affect  the  optical  properties  of 
polycarbonate  visors. 


The  lamination  is  prepared  by  vac- 
uum heat  molding.  The  configuration 
can  be  varied  to  accommodate  such 
special  requirements  as  high  impact 
strength  or  protection  against  moving 
particles  and  debris. 

This  work  was  done  by  Joseph  J. 
Kosmo  and  Frederic  Dawn  of  Johnson 
Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21503/TN. 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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0763  Computer-Assisted  Ground  Control  Management  System 

Software 

0764  Plans:  Timber  Harvest  Software 


« 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

W  U.S.  Department  of  the  Interior 


Computer-Assisted  Ground  Control  Management 
System 


Objective 

Apply  state-of-the-art  monitoring  and  computer  sys- 
tems technology  to  remotely  monitor  geostructural  data 
and  evaluate  ground  conditions  in  near  real-time. 

Background 

Recently,  the  coal  mining  industry  has  progressed  dra- 
matically from  a  labor-intensive  industry  to  highly  mech- 
anized and  automated  systems  achieving  significantly 
higher  production  rates.  In  underground  longwall  coal 
mines,  production  and  face  advance  rates  have  increased 
by  almost  tenfold  in  the  last  15  to  20  years.  With  increas- 
ingly high  advance  rates,  geologic  anomalies  which  affect 
rock  mass  quality  are  encountered  more  frequently,  far 
exceeding  the  current  rate  at  which  ground  control  in- 
formation can  be  processed  and  analyzed.  As  a  result, 
mine  operators  find  themselves  with  insufficient  time 
or  resources  to  cope  with  the  rapidly  changing  ground 
conditions. 

To  keep  up  with  the  technological  advancement  in 
mining  and  the  associated  ground  control  problems,  the 
Bureau  of  Mines  is  conducting  a  multi-phase  research  pro- 
gram to  implement  a  computer-assisted  Ground  Control 
Management  System  (GCMS).    Research  is  ongoing  at 


present,  but  when  completed  the  system  will  be  designed 
to  1)  monitor  and  evaluate  data  on  rock  properties,  geo- 
logic conditions,  and  rock  mechanics  data  from  under- 
ground sensors  in  near  real-time;  2)  interpret  the  analyses 
to  evaluate  the  interaction  between  various  critical  ground 
control  parameters;  3)  assess  the  structural  integrity  of 
the  mine;  and  4)  determine  failure  modes  and  provide 
recommendations  for  control  measures,  design  modifica- 
tions, and  alternative  support  procedures.  The  system  will 
be  expanded  into  its  full  capability  during  various  phases 
of  this  research  program. 

Approach 

The  GCMS  combines  existing  mine  monitoring  and 
sensor  technology  with  automated  computer  analysis  tech- 
niques specifically  for  ground  control  applications. 

The  Bureau,  in  cooperation  with  the  mining  industry, 
has  installed  and  is  operating  the  GCMS  in  an  under- 
ground western  U.S.  coal  mine.  A  comprehensive  in- 
strumentation program  using  a  fully  automated,  mine 
monitoring  system  and  the  remote  processing  techniques 
of  the  GCMS  network  was  implemented  to  evaluate  rock 
mass  behavior  during  mining  of  longwall  panels.  Six  sites 
were  instrumented  to  monitor  stress  changes  and  strata 
movement  information  in  and  around  two  longwall  panels. 
Pressure  transducers  were  installed  on  both  legs  of  nine 
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Figure  1.— Schematic  of  the  computer-assisted  ground  management  system. 
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shields,  evenly  spaced  along  the  face,  to  evaluate  shield- 
loading  behavior  during  mining.  Pressure  sensors  were 
also  connected  to  hydraulic  borehole  pressure  cells  in- 
stalled in  the  panels,  the  roof,  and  pillars  of  the  gateroads 
to  provide  near  real-time  ground  pressure  profiles  as  the 
longwall  face  advances.  Additional  instruments,  including 
sonic  distance  meters,  roof  extensometers,  and  room  clo- 
sure meters,  were  installed  to  monitor  strata  movement. 
The  field  data  are  transmitted  over  a  dedicated  telephone 
line  at  6-sec  intervals  and  are  available  underground,  at 
the  mine  surface,  and  at  the  Bureau's  Denver  Research 
Center,  150  miles  from  the  mine. 

Test  Results 

Data  collection  and  processing  capabilities  of  the 
GCMS  have  demonstrated  its  potential  to  become  an 
effective  planning  and  evaluation  tool  used  by  the  mine 
engineer  in  anticipation  of  ground  hazards  that  occur  as 
mining  progresses. 

To  date,  this  research  program  has  identified  the  fol- 
lowing major  ground  control  applications  of  the  system: 

•  Continuous  monitoring  of  ground  pressure  and 
strata  movement  during  longwall  mining  has  improved 
the  understanding  of  the  abutment  load  transfer  phe- 
nomena, pillar  loading-yielding  behavior,  and  roof  caving 
mechanisms.  This  information  can  be  used  to  optimize 
the  design  of  gateroads  and  future  panel  layouts. 

•  Continuous  monitoring  of  shield-leg  pressures  has 
proven  to  be  an  indicator  of  the  development  of  high- 


stress  zones  along  the  face,  and  may  indicate  impending 
gateroad  ground  hazards  such  as  roof  falls  and  floor  heave 
in  advance  of  mining.  This  information  can  be  used  to 
plan  and  implement  appropriate  ground  control  measures, 
and  to  assess  the  need  for  supplemental  supports  to 
control  gateroad  ground  conditions. 

•  The  difference  between  the  time  weighted-average 
shield  leg  pressure  and  the  shield  setting  pressure  (TWAP- 
SP)  appears  to  be  an  indicator  of  periodic  loading  of  the 
shields  that  possibly  relates  to  the  roof  overhang  behind 
the  shields  and  the  structure  of  the  mine  roof.  This  in- 
formation may  be  used  to  warn  of  impending  high  stress 
abutment  zones  along  the  face  and  to  assess  the  need  for 
induced  caving  or  other  control  measures. 


For  More  Information 

Several  papers  related  to  this  subject  have  been 
presented  by  Bureau  personnel  at  national  and  inter- 
national symposia  and  are  published  in  the  respective 
proceedings.  For  information  about  obtaining  copies  of 
these  papers  or  for  additional  technical  information, 
please  contact: 

Kanaan  Hanna 

U.S.  Bureau  of  Mines 

Denver  Research  Center 

Building  20,  Denver  Federal  Center 

Denver,  CO   80225 

(303)  236-7563 
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Plans:  Timber  Harvest  Software 


Imagine  for  a  moment  you  have  been 
asked  to  design  a  harvesting  system- 
with  roads,  cutting  units,  harvesting 
methods,  and  harvesting  schedules—in 
a  3,000  acre  watershed  characterized 
by  second  growth  and  steep  terrain 
with  scattered  unstable  slopes.  Your 
goal?  A  design  that  accounts  for 
safety,  efficiency,  environmental  fac- 
tors, and  visual  impacts  (a  nearby  trail 
brings  hikers  to  an  overlook  directly 
across  from  a  portion  of  the  water- 
shed). You  have  other  considerations 
as  well:  The  value  of  each  tree  is  low 
compared  with  the  old  growth  you 
usually  harvest,  and  keeping  harvest 
costs  to  a  minimum  will  be  particularly 
challenging.  Skyline  logging  is  needed 
in  this  area  for  all  slopes  greater  than 
15  percent,  and  anchors  (stumps  that 
afe^adequate  for  holding  the  tensioned 
skyline  spans  in  place)  are  few  and  far 
between— coordination  between  har- 
vests over  time  and  space  will,  there- 
fore, be  critical  for  maintaining 
anchors. 

How  do  you  proceed?  One  option  is 
the  software  system  PLANS  (Prelimi- 
nary Logging  Analysis  System).  This 
new  software  system  (available  for  the 
IBM-PC  and  the  Hewlett-Packard 
9000)  helps  take  the  guess-work  out  of 
designing  comprehensive  area  plans  by 
providing  a  firm  starting  point  for 
comparing  alternatives  and,  in  turn, 
directing  field  investigations  and  final 
harvest  decisions. 

The  software  system  was  developed  at 
the  Pacific  Northwest  (PNW)  Re- 
search Station  for  resource  managers 
(with  the  skills  of  a  Forest  Service  GS- 
9  timber  sale  planner)  to  broadly  plan 
timber  harvesting  in  large  areas  of 
steep  terrain— from  positioning  cutting 
units,  landings,  and  roads,  to  selecting 


yarding  systems  for  timber  harvest. 
The  system  allows  planners  to  have  a 
high  level  of  confidence  in  the  quality 
of  their  work.  Timber-sale  planners 
have  been  limited  by  sheer  volume  of 
work  in  investigating  alternatives  in 
area  planning,  but  with  PLANS  they 
can  now  quickly  compare  several 
promising  options  in  choosing  alterna- 
tives that  provide  specific  direction  for 
field  work,  improve  safety  and  efficien- 
cy, and  limit  soil  disturbance,  residual 
stand  damage,  erosion,  and  water 
quality  problems. 

Robert  Twito,  research  engineer, 
began  and  has  overseen  the  develop- 
ment of  PLANS  to  provide  resource 
managers  a  tool  that  makes  large-area 
planning  of  harvests  feasible.  Twito 
sees  great  potential  for  using  PLANS 
in  conjunction  with  Geographical  In- 
formation Systems  (GIS).  The  GIS 
provides  the  stored  terrain  information 
required  by  PLANS,  as  well  as 
provides  space  where  the  harvest  plans 
produced  with  PLANS  can  be 
electronically  stored  as  another  data 
layer  in  the  GIS.  Twito  has  worked 
with  a  variety  of  users  during  the 
development  of  PLANS. 

PLANS  provides  a  practical  tool  for 
area  planning  as  it  expedites  efficient 
fitting  of  logging  systems  to  the  terrain 
and  provides  reliable  unit  designs  that 
can  be  coordinated  and  scheduled  to 
maximize  benefits.  Moreover,  PLANS 
provides  a  flexible  method  whereby 
planners  can  approach  a  harvest 
design  in  a  way  that  meets  their  imme- 
diate needs  and  allows  easy  repetition 
so  that  design  decisions  can  be 
validated  long  after  the  design 
decisions  are  made  and  the  harvest 
completed. 
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Although  PLANS  cannot  be  used 
readily  by  individuals  without  training 
or  skills  in  timber-harvest  planning,  the 
system  can  be  used  as  a  training  tool 
to  help  such  individuals  learn  how  dif- 
ferent terrain  characteristics  affect 
yarding  and  other  aspects  of  timber 
harvesting. 

Whether  used  on  the  IBM-PC  or  the 
Hewlett-Packard  9000,  PLANS  re- 
quires a  plotter,  digitizer,  graphics 
screen,  and  printer.  The  user  also 
needs  topographic  maps  of  the  area- 


preferably  at  a  scale  of  1:4800  with  20- 
foot  contours. 

Descriptions  of  the  PLANS  programs 
and  user  instructions  can  be  obtained 
from  the  PNW  Research  Station,  Pub- 
lications, Portland.  The  programs  can 
be  obtained  by  sending  diskettes  to 
Roger  Twito.  Please  contact  him, 
however,  for  specific  information 
before  sending  him  diskettes:  Roger 
Twito,  Forestry  Sciences  Laboratory, 
4043  Roosevelt  Way,  NE,  Seattle,  WA 
98105. 
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Technology  Application 


Lawrence  Berkeley  Laboratory 


CHEMMAP:  A  New  Technique  For  Mapping  Materials 

Maps  of  the  chemical  composition  or  the  physical  properties  of  a  material  can  be  generated 
thousands  of  times  faster  than  ever  before  through  the  use  of  a  new  Raman  spectroscopy  analysis 
technique  developed  by  scientists  at  the  Lawrence  Berkeley  Laboratory. 

Using  a  two-dimensional  detector  to  obtain  Raman  spectra  from  over  a  thousand  spatial  elements 
simultaneously  along  a  line  illuminated  by  a  laser  beam,  then  analyzing  the  data  with  a 
computer  program  called  "ChemMap,"  the  scientists  are  able  to  produce  within  six  hours  maps 
that  would  take  years  to  produce  with  conventional  Raman  spectroscopy. 

The  technique  permits  researchers  to  map  properties  that  are  associated  with  changes  in  the 
position  of  atoms  with  respect  to  one  another  across  the  face  of  a  sample. 

Although  the  technique  has  been  used  only  for  Raman  scattering,  the  approach  is  general  and 
could  be  adapted  to  analyze  data  from  other  spectroscopic  techniques  which  are  based  on  light 
collected  from  a  sample. 

Mapping  a  material  can  reveal  a  lot  about  the  relationship  between  structure  and  properties, 
which  in  turn  can  lead  to  ways  of  optimizing  manufacturing  processes  to  improve  the  material's 
performance. 

FOR  ADDITIONAL  INFORMATION:  ChemMap  is  available  for  commercial  licensing.   For 
information  about  this,  call  LBL's  Technology  Transfer  Office  at  (415)486-6502. 
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National  Aeronautics  and 
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Organometallic  Salts  Generate  Optical  Second  Harmonics 

Molecular  structures  are  selected  to  obtain  large  hyperpolarizabilities. 


A  series  of  organometallic  salts  have 
been  found  to  exhibit  large  second-order 
dielectric  susceptibilities,  as  evidenced  by 
the  generation  of  second  harmonics  when 
they  are  illuminated  at  visible  and  near-in- 
frared wavelengths.  Investigations  of  these 
and  related  compounds  continue  with  a 
view  toward  the  development  of  materials 
for  use  as  optical  second-harmonic  gener- 
ators, electro-optical  modulators,  optical 
switches,  piezoelectric  sensors,  and  para- 
metric crystals. 

The  organometallic  salts  in  question  are 
ferrocenyl  compounds  of  the  form 

(E)-(r?-C5H5)Fe(r,-C5H4)-CH= 

CH-(p)-(C5H4N-CH3)  +  X-  where 


X-  =  I-  Br",  CI 
NO 


CF3SO3- 


BR-  PR; 


(p)-CH3-C6H4S03-  or  B(C6H5)4- 

In  experiments,  these  compounds  were 
synthesized  in  processes  that  began  with 
the  reaction  of 

CH3-(p)-C6H4N-CH3  +  Y-(Y  = 
I ",  CF3S03-  and  (p>CH3-C6H4S03-  with 

(7j-C5H5)Fe(rj-C5H4)CHO  (See  figure). 
By  virtue  of  the  excellent  electron-donor 
properties  of  the  ferrocenyl  moiety  and  the 
excellent  electron-acceptor  properties  of 
the  N-methyl-pyridinium  moiety,  these 
compounds  were  expected  to  exhibit  very 


n 

Fe 


,'.        ©"•-c"' 


Y  =  I.  (p)  -  CH3C6H4SO3.  CF3SO3 


(n  -  C4H9)aN  Br 


M  +  C  F3SO3  " 
M  +  CI-  ■ 


(n-C4Hg)4NCI 

KPF6 

Na  B(C6H5)4 

NaBFa 

NaN03 

M  +  Br~ 
M  +  CI- 
M  +  PF6" 
M  +  B[C6H5)4- 
M*BF4" 
M  +  NO3- 


large  molecular  hyperpolarizabilities,  which 
could,  in  principle,  lead  to  very  large  macro- 
scopic second-order  nonlinearities.  In  ad- 
dition, by  selection  of  the  X-  counterions, 
it  has  been  possible  to  affect  the  packing 
of  the  molecules  in  the  crystal  and  to  find 
salts  in  which  the  packing  arrangements 
are  conducive  to  the  generation  of  second 
harmonics. 

The  experimental  compounds  were  pre- 
pared in  powder  form  and  illuminated  with 
1.907-jtm  light  that  had  been  H2-Raman 
shifted  from  the  light  of  a  neodymium:yt- 
trium  aluminum  garnet  laser  operating  at 


Organometallic 
Salts  are  synthe- 
sized: some  by  the 
reaction  shown  above 
(only)  and  some  by 
the  reactions  shown 
above  followed  by  the 
reactions  shown  be- 
low. The  selection  of 
the  appropriate 
counterionX"  causes 
the  salts  to  exhibit 
large  second-order 
susceptibilities. 


1.064  fim.  The  effect  of  the  selection  of 
the  counterions  was  seen  clearly:  the  sec- 
ond-harmonic-generating efficiencies  of 
some  of  these  compounds  was  many 
times  that  of  a  urea  reference  standard.  The 
best  results  were  obtained  with  counterions 
of  I -,  Br  ~  and  NOg- ,  which  exhibited  ef- 
ficiencies 220, 150,  and  120  times  that  of 
urea,  respectively. 

This  work  was  done  by  Seth  R.  Marder 
and  Joseph    W.    Perry  of  Caltech   for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17730fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Optimum  Platinum  Loading  in  Pt/Sn02  CO-Oxidizing  Catalysts 

Catalytic  activity  peaks  at  about  17  weight  percent  Pt. 


Platinum  on  tin  oxide  (Pt/Sn02)  is  a  good 
catalyst  for  the  oxidation  of  carbon  monox- 
ide at  or  near  room  temperature.  Tests  at 
NASA  Langley  Research  Center  have 
shown  that  the  activity  of  this  catalyst  can 
be  maximized  by  optimizing  the  platinum 
loading  of  the  catalyst.  Pt/Sn02  is  available 
commercially  at  loadings  of  about  0.5  to 
2.0  percent  platinum  (per  total  weight  of 
catalyst),  whereas  catalysts  with  platinum 
loadings  as  high  as  46  percent  have  been 
fabricated  by  a  technique  developed  at 
Langley  Research  Center.  Work  was  con- 
ducted to  determine  optimum  platinum 
loading  for  this  type  of  catalyst. 

A  Pt/Sn02  catalyst  that  contained  17  per- 
cent platinum  converted  a  stoichiometric 
mixture  of  1.00  percent  CO  and  0.50  per- 
cent 02  to  C02  with  a  yield  3.7  times  as 
great  as  that  of  a  commercial  catalyst  that 
contained  2  percent  platinum.  Tests  of  Pt/ 
Sn02  catalysts  with  various  Pt  loadings  re- 
vealed the  following  (see  figure):  (1)The  ac- 
tivity of  the  catalyst  increased  with  Pt  load- 
ing until  a  peak  was  reached  at  1 7  percent 
Pt.  (2)  The  activity  of  the  catalyst  exhibited 
a  trough  at  24  percent  Pt.  (3)  The  activity 
of  the  catalyst  then  increased  with  further 
Pt  loading  until  a  second,  lower  peak  was 
reached  at  39  percent  Pt.  (4)  The  activity 
of  the  catalyst  then  declined  with  higher 
Pt  loading,  becoming  very  low  at  100  per- 
cent Pt. 

The  observed  behavior  may  represent 
two  similar  but  somewhat  different  mech- 


The  Effect  of  Platinum  Loading  on  activity 
of  Pt/Sn02  catalysts  is  clearly  demonstrated 
in  this  comparison  of  several  catalysts  fabri- 
cated at  Langley  Research  Center  and  one 
commercial  catalyst. 

anisms.  The  common  feature  of  both 
mechanisms  is  the  oxidation  of  CO  chemi- 
sorbed  on  Pt  by  OH  groups  on  Sn02.  This 
postulate  requires  significant  concentra- 
tions of  both  Pt  and  Sn02  for  maximum  ef- 
ficiency, and,  therefore,  both  very  low  and 
very  high  Pt  loadings  exhibit  low  activity. 
At  Pt  loadings  below  24  percent,  the  ma- 
jor source  of  the  oxidant  species,  OH,  is 
H20,  which  is  contained  predominantly  in 
the  Sn02  phase.  This  is  shown  by  the  fact 
that  high-temperature  pretreatment  of  Pt/ 
Sn02  catalysts  with  Pt  loadings  below  24 
percent  invariably  causes  an  initial  dip  in 
activity,  which  dip  can  be  readily  eliminated 


simply  by  exposure  of  the  catalysts  to  H20. 
However,  catalysts  with  Pt  loadings  above 
24  percent  do  not  exhibit  an  initial  dip  in 
activity  when  heated  and,  therefore,  do  not 
appear  to  be  as  sensitive  to  dehydration 
as  those  with  lower  Pt  loadings  are.  This 
indicates  that  they  may  have  an  alternative 
source  of  OH. 

With  high  Pt  loadings,  sufficient  hydro- 
gen may  be  stored  in  the  Pt  phase  to  fur- 
nish OH  by  reaction  with  oxygen  from  the 
Sn02  phase.  Therefore,  the  presence  of 
H20  is  not  essential  at  such  loadings. 
Thus,  above  about  24  percent  Pt,  the  ma- 
jor source  of  OH  is  believed  to  be  hydrogen 
stored  in  the  Pt  phase  combined  with  ox- 
ygen from  the  Sn02. 

In  some  applications,  a  39-percent  Pt 
loading  (which  gives  the  lower  peak  in  ac- 
tivity) may  be  preferable  because  this  high- 
er Pt  loading  should  not  require  humidifica- 
tion,  as  does  the  17-percent  loading  (which 
gives  the  higher  peak  in  activity).  General- 
ly, the  optimum  platinum  loading  for  the  ox- 
idation of  CO,  as  derived  from  this  study, 
is  believed  to  be  about  15  to  20  percent. 
A  major  application  would  be  the  removal 
of  unwanted  CO  and  02  in  C02  lasers. 

This  work  was  done  by  David  R.  Schryer, 
Billy  T.  Upchurch,  and  Patricia  P.  Davis  of 
Langley  Research  Center  and  Kenneth 
G.  Brown  and  Jacqueline  Schryer  of  Old 
Dominion  University.  No  further  documen- 
tation is  available.     LAR-14183/TN 
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Trapped-Mercury-lon 
Frequency  Standard 

The  principle  of  operation  and 
initial  results  are  described. 

A  report  describes  the  principle  of  op- 
eration, the  design,  and  the  results  of  ini- 
tial measurements  on  a  trapped-mercury- 
ion  frequency-standard  apparatus  at 
NASA's  Jet  Propulsion  Laboratory.  The  par- 
ticular apparatus  is  one  of  four  that  were 
being  developed  when  the  report  was  pre- 
sented in  May  1987  and  other,  commer- 
cial units  may  be  available  shortly. 

The  use  of  trapped  Hg  +  ions  as  a  fre- 
quency standard  was  first  proposed  more 
than  20  years  ago.  The  standard  frequen- 
cy —  in  this  case,  about  40,507,347,997 
Hz  —  is  defined  in  terms  of  the  photon 
energy  of  the  hyperfine  transition  between 
two  atomic  ground  states  of  the  199Hg  + 
ion.  The  ions  are  confined  in  a  radio-fre- 
quency electric  quadrupole  trap,  in  which 
they  are  subjected  to  very  small  perturba- 
tions of  their  atomic  energy  levels  and  to 
weak  forces  that  equalize  the  populations 
of  the  ground-state  hyperfine  energy  levels. 
Potentially,  the  largest  source  of  fluctua- 
tions in  the  frequency  is  the  second-order 
Doppler  effect  of  the  motions  of  the  ions 
in  the  trap.  To  minimize  this  effect,  heavy 
ions  like  Hg+,  which  move  more  slowly 
than  do  other  ions  at  the  same  tempera- 
ture, are  preferred  for  trapped-ion  frequen- 
cy standards. 


The  hyperfine  transition  of  interest  is 
%„(F  =  0,  mf-  0H2S1/2  {F=\,mF  = 
0).  the  199Hg+  ions  are  first  created  in 
the  trap  by  bombarding  a  neutral  199Hg 
vapor  with  a  pulse  of  electrons  that  lasts 
1/2  second.  During  this  bombardment  and 
for  about  1/4  second  afterward,  the  ions 
are  irradiated  with  photons  of  wavelength 
194.2  nm  from  a  202Hg  discharge  lamp  to 
excite  the  transition  2S1/2  (F  =  1,  mF)— 
2P1/2.  The  2PV2  state  decays  rapidly  (with 
a  lifetime  of  2  ns)  to  either  the  2S1/2  (F  = 
0,  mF  -  0)  state  or  the  2S1/2  (F  =  1,  mF) 
state,  thereby  scattering  a  194-nm  photon. 
Since  the  transition  2S1/2  (F  =  0,  mF- 
0)— 2P1/2  is  not  resonant  with  the  light  from 
the  202Hg  lamp,  the  ions  are  pumped  out 
of  the  2S1/2  (F  =  1,  mF)  states  into  the 
2S1/2  (F  =  0,mF  =  0)  state,  and  when  they 
have  all  been  thus  pumped,  they  stop  scat- 
tering ultraviolet  light. 

When  the  lamp  is  turned  off,  the  ions 
are  then  exposed  for  1/2  second  to  a  mag- 
netic field  of  amplitude  10  -1°  T  oscillating 
at  or  n«ar  the  standard  frequency  to  be 
determined.  This  field  makes  the  ions  un- 
dergo the  desired  hyperfine  transition  from 


the  2S1/2  (F  =  0,mF  =  0)  state  to  the  2S  _ 
(F  =  '\,mF  =  0)  state.  The  ions  then  scat- 


1/2 


ter  ultraviolet  light  until  the  lamp  pumps 
them  back  into  the  nonscattering  2S1/2 
(F  =  0,  mF  -  0)  state. 

The  intensity  of  the  fluorescence  (scat- 
tering) is  measured  while  the  frequency  of 
the  applied  magnetic  field  is  varied  about 
a  fixed  nominal  value  in  increments  of  0.2 
Hz.  This  yields  a  resonance  peak  that,  in 
the  initial  measurements,  was  found  to  be 
about  1.6  Hz  wide.  The  short-term  frequen- 
cy stability  of  the  apparatus  was  found  to 
be  better  than  twice  that  of  the  best  com- 
mercial cesium  frequency  standards. 

Currently,  a  new  frequency  standard  is 
being  developed.  It  is  based  on  the  linear 
ion  trap  described  in  NASA  Tech  Briefs  14, 
No.  9,  page  44,  (NPO-17758).  The  new 
standard  is  expected  to  show  much  bet- 
ter short-term  frequency  stability  because 
of  its  increased  ion-storage  capacity.  This 
work  will  be  described  in  a  future  issue  of 
Tech  Briefs. 

This  work  was  done  by  John  D. 
Prestage,  G.  John  Dick,  and  Lutfollah 
Maleki  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  To  obtain  a  copy  of 
the  report,  "The  J  PL  Trapped  Mercury  Ion 
Frequency  Standard,"  NPO-17456/TN 
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Computer  Processing  of  Tunable-Diode-Laser  Spectra 

Measurements  in  three  channels  are  processed  into  spectra. 


• 


A  tunable-diode-laser  spectrometer  that 
measures  the  transmission  spectrum  of  a 
gas  operates  under  the  control  of  a  com- 
puter, which  also  processes  the  measure- 
ment data.  The  laser  beam  is  split  into 
parts  along  three  different  paths:  one 
through  a  germanium  etalon,  one  through 
an  absorption  cell  filled  with  a  reference 
gas  at  low  pressure,  and  one  through  an 
absorption  cell  filled  with  the  specimen 
gas,  the  absorption  or  transmission  spec- 
trum of  which  one  seeks  to  determine  (see 
Figure  1).  The  computer  tunes  the  laser 
in  small  increments  of  wavelength  by  in- 
creasing or  decreasing  the  laser  current 
in  small  steps.  At  each  increment,  three 
photodetectors  measure  the  laser-beam 
powers  that  reach  the  ends  of  the  paths. 

These  measurements  are  digitized,  then 
processed  as  illustrated  schematically  in 
Figure  2.  The  measurement  data  represent 
raw  transmission  spectra  that  include  the 
effects  of  instrumental  distortion.  The  raw 
transmission  spectrum  of  the  etalon  rep- 
resents the  interference-fringe  pattern  of 
the  etalon,  which  defines' a  relative-wave- 
number  scale  and  is  used  to  linearize  the 
wave-number  scale  via  a  polynomial  inter- 
polation procedure.  An  absolute-wave- 
number  scale  is  derived  from  the  spec- 
trum of  the  reference  gas,  which  is  also 
used  to  determine  the  laser  linewidth  and 
to  confirm  the  free  spectral  range  of  the 
etalon. 

The  spectrum  of  the  specimen  gas  is 
normalized  to  a  100-percent-transmission 
baseline  through  polynomial  fitting  in  the 
portions  of  the  spectrum  in  which  the  den- 
sity of  absorption  lines  is  low  and,  conse- 
quently, the  100-percent-transmission  level 
is  easily  identified.  To  obtain  this  normaliza- 
tion in  the  portions  of  the  spectrum  in 
which  the  continuum  absorption  is  high 
because  the  pressure  of  the  specimen  gas 
is  high  or  because  the  spectral  lines  of  the 
specimen  gas  are  congested,  a  scan  is 
performed  with  the  specimen-gas  absorp- 
tion cell  evacuated. 

The  spectral  positions  of  spectral  lines 
and  maximums  of  the  etalon  fringes  are 
obtained  approximately  via  first-  and  sec- 
ond-derivative locating  procedures  and, 
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Figure  1 .  The  Computer  Controls  the  Current  supplied  to  the  tunable  diode  laser,  thereby 
stepping  it  through  small  increments  of  wavelength  while  processing  the  spectral  measurements 
at  each  step. 
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Figure  2.  This  Flow  Chart  illustrates  the  steps  in  the  analysis  of  the  raw  spectral  data. 
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when  necessary,  with  the  help  of  graphical 
input  by  the  user.  More  accurate  values 
for  these  positions  are  obtained  via  least- 
squares  fitting  procedures.  A  wave-num- 
ber scale  is  assigned  by  using  the  known 
wavelengths  or  wave  numbers  of  the  spec- 
tral lines  of  the  reference  gas  along  with 
the  free  spectral  range  of  the  etalon.  Non- 


linearities  in  the  wave-number  scale  are 
identified  by  observing  irregularities  in  the 
numbers  of  data  points  that  separate  the 
etalon-fringe  peaks.  The  computer  pro- 
gram includes  a  library  of  routines  for  the 
general  manipulation  and  plotting  of  spec- 
tra, least-squares  fitting  of  direct-transmis- 
sion and  harmonic-absorption  spectra,  and 


deconvolution  for  determination  of  the 
laser  linewidth  and  for  removal  of  instru- 
mental broadening  of  spectral  lines. 

This  work  was  done  by  Randy  D.  May 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-18019/TN 
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U.S.  Army  Fact  Sheet 


Variable  Cycle  Engine 


A  turbojet  affords  the  possibility  of  su- 
personic flight  by  making  a  large  per- 
pound  addition  of  momentum  to  a 
slender  streamtube  of  air.  A  tur- 
boprop affords  the  possibility  of 
economical  subsonic  flight  by  making  a 
small  per-pound  addition  of  momen- 
tum to  a  broad  streamtube  of  air. 
Propeller  power  is  inconsistent  with 
the  aerodynamic  drag  forces  as- 
sociated with  high  speeds,  and  pure  jet 
power  is  inconsistent  with  the  fuel  ef- 
ficiency expected  at  low  speeds. 

But  a  turbine  engine  could  serve  as 
both  turboprop  and  turbojet  if  a 
mechanically  simple  means  of  alter- 
nately deploying  and  stowing  propeller 
blades  could  be  designed. 

A  recent  technology  developed  by  the 
Army  Research  Office  provides  this. 

A  very  simple  basis  of  the  technology 
is  the  utilization  of  intrinsic,  available, 
centrifugal  force.  If  power  from  the 
gas  generator  is  being  routed  to  the 
propeller  turbine,  causing  it  to  rotate, 
the  centrifiugal  force  of  the  blades  is 
able  to  drive  them  outward  to  an  equi- 
librium position  against  a  restraining, 


nonlinear  spring.  So  deployed,  they 
operate  on  external  (non-core)  air. 

No  control  requirement  has  been 
added,  vis-a-vis  designs  of  contem- 
porary turboprops.  Degree  of  blade 
extension  is  a  function  of  propeller  tur- 
bine rotational  speed.  That  speed,  and 
the  associated  power  takeout,  com- 
prise two  performance  output 
parameters  that  are  determined  by  two 
customary  input  parameters,  viz  (outer 
flow)  propeller  blade  pitch  and  (core 
flow)  stator  vane  pitch. 

The  military  payoffs  of  low  speed  fuel 
economy  and  high  speed  dash  perfor- 
mance would  be  range  and  sur- 
vivability. The  analogous  commercial 
payoffs  would  be  lowered  operating 
costs  and  shorter  flight  times.  In  par- 
ticular, flight  profiles  featuring  super- 
sonic over-water  and  subsonic  over- 
land segments  would  be  much  more 
practical. 

This  technology  is  available  for  licens- 
ing. For  more  information,  call  Dr. 
Frank  Hurley  on  (919)  549-4322  or 
Mr.  Dave  Seitz  on  (919)  549-4207. 
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Transonic  Aeroelasticity  Analysis  for  Helicopter  Rotor  Blade 

Two  established  techniques  are  combined. 


A  numerical-simulation  method  for  the 
aeroelasticity  analysis  of  a  helicopter  rotor 
blade  combines  established  techniques  for 
the  analysis  of  aerodynamics  and  the  vi- 
brations of  the  blade.  The  application  of 
the  method  clearly  shows  that  the  elastici- 
ty of  the  blade  modifies  the  flow  and,  con- 
sequently, the  aerodynamic  loads  on  the 
blade. 

The  flow  is  assumed  to  be  compressi- 
ble, irrotational,  inviscid,  and  isentropic, 
and  to  obey  an  ideal-gas  law  with  a  con- 
stant specific-heat  ratio  (1.4  for  air).  These 
assumptions  permit  the  use  of  Bernoulli's 
equation  of  unsteady  motion  in  a  nonlinear, 
potential-flow  form.  This  equation  is  trans- 
formed to  a  reference  frame  attached  to 
the  blade.  The  boundary  conditions  include 
zero  perpendicular  velocity  on  the  surface 
of  the  blade.  The  wake  is  represented  by 
a  vortex  sheet  shed  by  the  trailing  edge 
of  the  blade.  Bernoulli's  equation  is  solved 
by  a  transonic-rotor-flow  code,  TFAR-2. 

For  the  dynamical  analysis  of  the  blade 
structure,  Hamilton's  principle  is  applied 
to  derive  finite-element  equations,  using 
potential-energy  equations  from  the  theory 
of  elasticity  of  beams.  Shape  functions  are 
introduced  to  describe  the  deflections  as 
functions  of  position  within  each  element 
in  flapping,  lagging,  axial-extension,  and 
twisting  modes.  Mass,  stiffness,  and 
damping  matrices  are  derived  from  the 
equations  for  the  kinetic  energy,  equations 
for  potential  energy,  and  semiempirical 
modal  damping  equations,  respectively.  A 
global/local  coordinate-transformation 
matrix  reduces  the  inaccuracies  caused 
by  large  deformations  of  the  blade. 

The  structural  and  aerodynamical  por- 


Aerodynamical  and 
Structural  Computer 
Codes  are  coupled  to 
complete  the  analysis 
of  aeroelasticity  of  a 
helicopter  rotor  blade. 


tions  of  the  analysis  are  combined  in  the 

following  procedure  (see  figure): 

I.The  full-potential  transonic-rotor-flow 

equations  are  solved  by  the  TFAR2  code, 

and  the  lift,  drag,  and  moment  on  each 

section  of  the  blade  are  calculated. 

2.  The  aerodynamic  forces  are  converted 
to  the  corresponding  forces  at  the  end 
nodes  of  the  elements  by  applying  the 
shape  functions  and  using  Gauss 
integration. 

3.  The  equation  of  the  structural  dynamics 
is  rotated  from  the  local  to  the  global 
coordinate  system  and  integrated  in  the 
time  domain  by  Newmark's  method  (an 
extension  of  the  linear-acceleration  meth- 
od) to  obtain  the  displacements  of  the 
end  nodes  of  the  elements. 

4.  The  deformation  of  the  blade  is  read  in- 
to TFAR2,  and  a  new  grid  system  with 
new  surface  boundary  conditions  is  gen- 
erated for  the  next  step  in  the  aerody- 
namical calculations. 

Steps  1  through  4  are  repeated  until  the 
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desired  conditions  are  reached. 

The  aeroelasticity  analysis  was  performed 
on  an  experimental  helicopter  rotor.  The 
structural  portion  was  evaluated  by  com- 
paring the  computed  natural  vibrational 
frequencies  of  the  blade  with  experimen- 
tal data.  In  general,  the  correlation  was 
found  to  be  good  for  most  of  the  four  types 
of  modes.  The  coupled  aerodynamical  and 
structural  codes  were  used  to  study  the 
aeroelastic  effect  in  the  transonic  regime 
in  both  hover  and  forward  flight.  According 
to  the  numerical  results,  the  effect  of 
elasticity  in  hover  is  not  as  important  as 
it  is  in  forward  flight.  But  in  forward  flight, 
even  at  a  low  advance  ratio,  the  blade 
elastic  response  due  to  unsteady  aerody- 
namic forces  is  significant,  and  it  is  nec- 
essary to  take  elasticity  into  account  to  ob- 
tain accurate  predictions  of  flow. 

This  work  was  done  by  l-Chung  Chang 
of  Ames  Research  Center  and  Lie-Mine 
Gea  and  Chuen-Yen  Chow  of  the  Univer- 
soty  of  Colorado.  ARC-12550/TN 
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overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1    ADDRESS  INFORMATION 

Last  Name  


Title 

Company/Organization . 
Address   


City/State/ZIP 

Telephone  Number , 


2    METHOD  OF  PAYMENT 

□    Charge  my  NTIS  Deposit  Account    -.... 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

O    Purchase  order  ADD  $7.50  per  order  (see  below  for  restrictions) 
Purchase  order  number 


Charge  my      O  American  Express      O  VISA      Q  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC 
/NAC 


/NAC 


/NAC 


Handling  fee  $3.00 


Total 


U.S.  DEPARTMENT  OF  COMMERCE 
National  Technical  Information  Service 

Springfield,  VA  221 61 


NIB.  ORDER  FORM 

Use  this  form  ONL  Y  to  order  reports  designated  as  available  from  NTIS. 


TELEPHONE  ORDERS  (703)  487-4650 


FAX  (703)321-8547       TELEX  89-9405 


For  Subscription 
Questions 
(703)  487-4630 

For  Tracing  an  Order 
(703)  487-4660 

For  Editorial  Questions 
(703)  487-4805 

Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
For  information  about  one  day  RUSH 
ordering,  call  (800)  553-6847  or 
(703)  487-4650. 


NTIS  PRICE  SCHEDULE* 

This  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code  Price 

A01  $8.00 

A02  11.00 

A03  15.00 

A04  through  A05 17.00 

A06  through  A09 23.00 

A10through  A13 31.00 

A14through  A17 39.00 

A18through  A21  45.00 

A22  through  A25 53.00 

A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
United  States,  Canada,  and  Mexico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 
Prices  effective  January  1 ,  1 991 


t  Purchase  Order  Service:  There  is  a  $7.50 
charge  for  this  service.  It  is  restricted  to 
customers  in  the  United  States,  Canada, 
and  Mexico.  A  late  payment  charge  will  be 
applied  to  all  billings  more  than  30  days 
overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1    ADDRESS  INFORMATION 

Last  Name  

Title 

Company/Organization 

Address   


City/State/ZIP 

Telephone  Number . 


2    METHOD  OF  PAYMENT 

□    Charge  my  NTIS  Deposit  Account    - 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

I    I    Purchase  order  ADD  $7.50  per  order  (see  below  for  restrictions)1 
Purchase  order  number 


Charge  my      \Z\  American  Express       Q  VISA      \Z\  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order] 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC 
/NAC 


/NAC 


/NAC 


Handling  fee  $3.00 


Total 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 


PENN  STATE  UNIVERSITY  LIBRARIES 
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Materials 

Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation  &  Components 
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